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F I G U E  A.  Kealakekua Bay l o o k i n g  approx imate ly  n o r t h .  

Palemano P o i n t  a p p e a r s  a t  t h e  bottom, Cook P o i n t  d i r e c t l y  above, 

and f u r t h e r  t o  t h e  l e f t  i s  Keawekaheka P o i n t .  The v i l l a g e  o f  

Napoopoo l i e s  on t h e  n o r t h  end o f  t h e  conspicuous  roadway on t h e  

r i g h t  s i d e  o f  t h e  f i g u r e .  Kaawaloa Cove l i e s  t o  t h e  r i g h t  o f  

Cook P o i n t .  

FIGURE B. Kealakekua Bay l o o k i n g  s o u t h e a s t .  Keawekaheka 

P o i n t  e x t e n d s  p a s t  t h e  bottom edge o f  t h e  f i g u r e .  Cook P o i n t  

appears  c e n t r a l l y .  Kaawaloa F l a t  c o v e r s  t h e  low a r e a  i n  t h e  

midd le  fo reground .  Napoopoo v i l l a g e  can  be s e e n  on  t h e  o p p o s i t e  

s h o r e  o f  t h e  bay .  





FOREWORD 

"Once upon a  time" man f r e e l y  took  wha tever  he d e s i r e d  from t h e  
environment .  About 10,000 y e a r s  ago a  t r e n d  was i n i t i a t e d  from such 
dependence upon t h e  h a r v e s t i n g  o f  t h e  w i l d  t o  dependence upon d o m e s t i c a t e d  
c r o p s .  A s  a  r e s u l t ,  p r i v a t e  r i g h t s  t o  p r o p e r t y  and i t s  produce became 
e s t a b l i s h e d  and r e s o u r c e s  became c l a s s i f i e d  a s  u s e f u l ,  w a s t e  o r  w i l d .  
T h i s  d e s c r i b e s  i n  t h e  most  g e n e r a l  terms t h e  t r e n d  c h a r a c t e r i z i n g  t h e  
development o f  man ' s  p r e s e n t - d a y  a t t i t u d e s  toward h i s  env i ronmenta l  
r e s o u r c e s .  

Today i t  i s  recogn ized  t h a t  i t  i s  t h e  y i e l d  o f  man 's  renewable  
r e s o u r c e s  t h a t  w i l l  de te rmine ,  u l t i m a t e l y ,  t h e  s i z e  a t  which t h e  p o p u l a t i o n  
o f  any independen t  p o l i t i c a l  u n i t  must  become s t a b i l i z e d .  Renewable 
r e s o u r c e s  a r e  t h o s e  t h a t  c a n  be  h a r v e s t e d  and y e t  c o n t i n u e  t o  y i e l d  a t  
some s u s t a i n e d  p r o d u c t i o n  rate-a p r o p e r t y  g e n e r a l l y  r e s t r i c t e d  t o  l i v i n g  
sys tems .  The l i m i t s  o f  maximum s u s t a i n e d  y i e l d  a r e  b e i n g  approached f o r  
t h e  renewable  r e s o u r c e s  o f  t h e  l a n d  c l a s s i f i e d  as u s e f u l ,  and man i s  b e i n g  
f o r c e d  t o  e x p l o i t  a r e a s  f o r m e r l y  c o n s i d e r e d  w a s t e  o r  w i l d ,  i n c l u d i n g  t h o s e  
o f  t h e  s e a .  

With t h e  e x p l o s i v e  i n c r e a s e  i n  human p o p u l a t i o n s ,  t h e  view t h a t  
w i l d  r e s o u r c e s  a r e  "common p r o p e r t y "  f o r  anyone and everyone t o  t a k e  must  
change.  A l l  r e s o u r c e s ,  w i l d  i n c l u d e d ,  must  be  used  t o  t h e  o p t i m a l  p u b l i c  
b e n e f i t ;  b e n e f i t  b e i n g  d e f i n e d  t o  i n c l u d e  e s t h e t i c ,  r e c r e a t i o n a l ,  h e a l t h ,  
academic and commercial  v a l u e s  and s t a n d a r d s .  

P u b l i c  concern  o v e r  problems o f  t h e  c l a s s i f i c a t i o n  and u s e  o f  l a n d  
a r e a s  under  t h e  p r e s s u r e s  o f  expanding p o p u l a t i o n s  h a s  been g r e a t ,  whereas  
apa thy  and n e g l e c t  haLe been  t y p i c a l  o f  t h e  p u b l i c  a t t i t u d e  towards u s e  o f  
t h e  s e a .  Concern h a s  been r e s e r v e d  c h i e f l y  f o r  s i n g l e  purpose  usages  o f  
sha l low w a t e r s  s u c h  a s  f o r  h a r b o r s ,  r e s o r t s ,  m a r i n e  p a r k s  o r  f o r  w a s t e  
d i s p o s a l .  

I n  Hawaii  mos t  o f  t h e  p r o t e c t e d  a c c e s s i b l e  s h o r e  a r e a s  have been 
g r e a t l y  a l t e r e d  its r e c e n t  t ime.  T h e r e f o r e ,  i t  i s  c r i t i c a l  t h a t  t h e  few 
remain ing  i n  a  r e l a t i v e l y  p r i s t i n e  c o n d i t i o n  be  s t u d i e d  t o  de te rmine  t h e i r  
r e a l  v a l u e  beyond t h a t  which i s  r e a d i l y  a p p a r e n t .  Much i n f o r m a t i o n  i s  
r e q u i r e d  i n  o r d e r  t o  p l a n  f o r  t h e  maximum long- term m u l t i p l e  usage  o f  a  
m a r i n e  a r e a ,  and a s  bays  and o t h e r  u s a b l e  s e a  a r e a s  a r e  r a r e  i n  Hawaii ,  
m u l t i p l e  purpose  u s e  must  be  c o n s i d e r e d .  

A s  a  s t a r t  toward accumula t ion  o f  khowledge c r i t i c a l  t o  t h e  
assessment  o f  t h e  long- term and m u l t i p l e  u s e  v a l u e s  o f  t h e  S t a t e ' s  s h o r e  
a r e a s ,  t h e  S t a t e  o f  Hawaii engendered a s t u d y  o f  Kealakekua Bay, a n  
undeveloped and a p p a r e n t l y  r a t h e r  u n d i s t u r b e d  m a r i n e  s i t e .  The r e s u l t i n g  
d a t a  a s  compiled t o  December, 1968,  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  t e x t  
a l o n g  w i t h  a  summary o f  t h e  major  s c i e n t i f i c  r e s u l t s  and c o n c l u s i o n s .  
Th i s  i n f o r m a t i o n  i s  e s s e n t i a l  t o  t h e  S t a t e ' s  p l a n n i n g  f o r  t h e  development 
and u s e  o f  Kealakekua Bay t o  t h e  o p t i m a l  b e n e f i t  o f  t h e  peop le  o f  Hawaii. 
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INTRODUCTION 

This r e p o r t  has  been prepared f o r  t he  Of f i ce  of t h e  Lieutenant  

Governor of the  S t a t e  of  Hawaii, pursuant  t o  Purchase Order LG67-311, and 

agreement of June 1, 1968. The work was coordinated i n  t h e  Botany 

Department of  t h e  Un ive r s i t y  of Hawaii through t h e  Research Corporation 

of  t h e  Univers i ty  of  Hawaii. 

Kealakekua Bay i s  l oca t ed  (19" 29' N;  155" 56' W) on the  Kona 

(leeward) Coast of t h e  I s l a n d  of Hawaii. I t  l i e s  on the  western s lope  of 

Mauna Loa, approximately 4.5 mi l e s  south of  t he  edge of  Haula la i  Volcano. 

A r e p o r t  (Soehren & Newman, 1968) 2receding the  p r e s e n t  s tudy was concerned 

wi th  t h e  archaeology of t h i s  region.  The informat ion  included i n  t he  

p re sen t  t e x t  was provided by a  s p e c i a l l y  c o n s t i t u t e d  advisory  group whose 

s t u d i e s  of Kealakekua Bay were organized around t h e  fo l lowing  a reas  of 

i n v e s t i g a t i o n :  

a -  geography and phys ica l  na tu re ;  

b- hydrography, t h e  chemical and phys i ca l  na tu re  of t he  water ;  

c- i n t e r r e l a t i o n s h i p s  between the  land and s e a  a t  the  present  
t ime; 

d- d i s t r i b u t i o n  of  t he  predominant and c r i t i c a l  organisms; 

e- i n t e r p r e t a t i o n  of t he  popula t ions  of  s e l e c t e d  i n d i c a t o r  and 
o t h e r  organisms of  p a r t i c u l a r  i n t e r e s t ,  including:  

seaweeds ( l imu),  
plankton,  
c o r a l s ,  
molluscs ( s ea  s h e l l s ,  e t c . ) ,  
c rus t acea  (kona crabs ,  e t c . ) ,  
echinoderms ( sea  u rch ins ,  e t c . ) ,  
f i s h  (developed from the  S t a t e  Div is ion  

of  F ish  and Game monitor ing program); 



f -  p r e d i c t i o n s  o f  g e n e r a l  c o n d i t i o n s  t h a t  can  be expec ted  t o  
come t o  p r e v a i l  w i t h  d i f f e r e n t  low and h i g h  i n t e n s i t y  
u s e s ;  

g- recommendations toward p r o v i d i n g  a b e t t e r  and even more 
r e l i a b l e  u n d e r s t a n d i n g  o f  t h e  bay,  and how i t  may b e  
used maximally t o  b e n e f i t  t h e  p u b l i c .  These r e c o m e n -  
d a t i o n s  would i n c l u d e  c o n t i n u e d  m o n i t o r i n g  o f  t h e  
v a r i o u s  i n d i c a t i v e  mar ine  p o p u l a t i o n s .  

The e x t e n t  o f  i n v e s t i g a t i o n  was from Keawekaheka P o i n t  j u s t  n o r t h  

o f  Kealakekua Bay t o  Palemano P o i n t  a t  t h e  s o u t h e r n  end o f  t h e  bay. 

However, f o r  compara t ive  purposes  some m a t e r i a l  p r e s e n t e d  h e r e  concerns  

Honaunau Bay, l o c a t e d  1 .5  m i l e s  s o u t h  o f  Kealakekua Bay a t  t h e  C i t y  o f  

Refuge N a t i o n a l  H i s t o r i c a l  Pa rk ,  and o t h e r  a r e a s .  

As t h i s  s t u d y  p r o g r e s s e d  i t  became c l e a r  t h a t  Kealakekua Bay was 

unusua l  i n  s e v e r a l  r e s p e c t s ,  and t h i s  induced some a l t e r a t i o n  o f  t h e  

i n i t i a l  p l a n s .  For i n s t a n c e ,  due t o  t h e  inconsp icuous  r o l e  p layed  by a l g a e ,  

b i v a l v e  m o l l u s c s  and c r u s t a c e a  i n  t h e  bay,  l i t t l e  work was done w i t h  t h e s e  

organisms.  When one r e g a r d s  t h e  g e n e r a l  c h a r a c t e r  o f  t h e  bay, i t  i s  n o t  

s u r p r i s i n g  t o  f i n d  t h e s e ,  r e s p e c t i v e l y ,  h i g h  i n o r g a n i c  f e r t i l i z e r  u t i l i z e r s  

and d e t r i t u s  f e e d e r s  inconsp icuous .  Emphasis was i n c r e a s e d  a c c o r d i n g l y  on 

t h e  showpieces o f  Kealakekua Bay, t h e  c o r a l s ,  v e r t e b r a t e s ,  gas t ropod  

m o l l u s c s  and echinoderms.  

The peop le  who have c o n t r i b u t e d  a  g r e a t  d e a l  o f  t ime  and e f f o r t  t o  

g a t h e r i n g  and p r e s e n t i n g  t h e  i n f o r m a t i o n  i n  t h e  f o l l o w i n g  c h a p t e r s  form a n  

i m p r e s s i v e  l i s t .  F i r s t ,  M r .  Fred Weld who, a c t i n g  a s  a s s i s t a n t  t o  t h e  

compi le r ,  d i d  most o f  t h e  l e g  work and g a t h e r e d  t h e  l i t t l e  and some n o t  s o  

l i t t l e  p i e c e s  o f  d a t a ,  which i n c l u d e d  d o i n g  a l l  t h e  f i e l d  work n o t  

o t h e r w i s e  under taken .  He h a s  a l s o  p u t  t o g e t h e r  t h e  d i f f e r e n t  m a n u s c r i p t  

s e c t i o n s  a s  o b t a i n e d  from t h e  v a r i o u s  c o n t r i b u t o r s .  



The c h a p t e r s  a r e  p r e s e n t e d  w i t h o u t  s p e c i f i c  a u t h o r  c i t a t i o n s ,  a s  

t h e  c o n t r i b u t i o n s  o f t e n  over lapped ,  most a u t h o r s  making a  good many 

c o n t r i b u t i o n s  o u t s i d e  t h e i r  own a r e a  o f  s p e c i f i c  i n t e r e s t s .  The p r i n c i p a l  

a u t h o r s  and c o l l a b o r a t o r s  and t h e i r  major  f i e l d  of  c o n t r i b u t i o n , f o r  which 

t h e  compi ler  i s  ex t remely  g r a t e f u l ,  a r e  a s  f o l l o w s :  

D r .  Thomas A. Eber t  ( s e a  u r c h i n s ) ,  Department 
o f  Zoology, U n i v e r s i t y  o f  Hawaii .  

D r .  John R .  Hendr ickson ( t u r t l e s ,  s h a r k s  and p o r p o i s e s ) ,  
 h he Oceanic Foundat ion,  Makapuu P o i n t ,  Oahu, Hawaii .  

D r .  A l i s o n  E .  Kay ( m o l l u s c s ) ,  Department o f  General  S c i e n c e ,  
U n i v e r s i t y  o f  Hawaii. 

D r .  C h a r l e s  H .  Lamoureux ( v a s c u l a r  p l a n t s ) ,  Department of  
Botany,  U n i v e r s i t y  of  Hawaii .  

D r .  S idney J .  Townsley ( c o r a l s ) ,  Department o f  Zoology, 
U n i v e r s i t y  o f  Hawaii. 

I n  a d d i t i o n  t o  t h e  above,  s e v e r a l  f a c u l t y  members of  t h e  U n i v e r s i t y  

o f  Hawaii s e r v e d  a s  a d v i s o r s ,  o f t e n  v i s i t i n g  Kealakekua Bay t o  f a c i l i t a t e  

t h e  p r o c e s s .  These i n c l u d e  P r o f .  Vernon Brock, Hawaii I n s t i t u t e  o f  

Marine Biology;  D r .  P h i l i p  H e l f r i c h ,  Hawaii I n s t i t u t e  o f  Marine Biology;  

and D r .  John A. Maciolek,  Department o f  Zoology. 

The m a t e r i a l  concern ing  g e o l o g i c a l  f e a t u r e s  was m o s t l y  w r i t t e n  by 

D r .  Gordon A. Macdonald, Department o f  Geosc iences ,  U n i v e r s i t y  of Hawaii .  

Much o f  t h e  m a t e r i a l  o n  underwater  topography was c o n t r i b u t e d  by M r .  

Mark M .  L i t t l e r ,  Department o f  Botany, U n i v e r s i t y  o f  Hawaii ;  and by D r .  

Michael  Neushul,  Department o f  Botany, U n i v e r s i t y  o f  C a l i f o r n i a  a t  S a n t a  

Barbara .  M r .  Donald Kelso ,  Department o f  Zoology, U n i v e r s i t y  o f  Hawaii ,  

was a heavy c o n t r i b u t o r  t o  Chapter  7 .  

M r .  Michio Taka ta  r e c e i v e s  o u r  s p e c i a l  thanks  f o r  d i r e c t i n g  t h e  

f i s h  p o p u l a t i o n s  h e  moni to red ,  a n  a c t i v i t y  which c o u l d  w e l l  be extended 
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t o  t he  o t h e r  groups of  dominant organisms. For s i m i l a r  reasons apprec ia-  

t i o n  i s  expressed t o  D r .  Kingston S .  Wilcox, Department of Heal th,  S t a t e  

of Hawaii, who made the  microbio logica l  assays  a v a i l a b l e ,  and t o  P ro f .  

Stephen L. Lau, Department of C i v i l  Engineering, f o r  s i m i l a r  a s s i s t a n c e  

wi th  the  chemical ana lyses .  D r .  Joseph Branham, Department of Zoology, 

Univers i ty  of H a w a i i ,  a ided  i n  much of t h e  e a r l y  r e sea rch  f o r  Chapter 9.  

The a e r i a l  photographs comprising t h e  f r o n t i s p i e c e  a r e  publ ished 

by the  cour tesy  of D r .  Agatin T. Abbott, Department of Geosciences, 

Univers i ty  of Hawaii. D r .  Abbott k indly  con t r ibu ted  seve ra l  o the r  a e r i a l  

photographs of t he  r eg ion  which were used i n  t h e  s tudy .  Gra t i tude  i s  

expressed t o  Mrs. Barbara Downs who prepared t h e  a r t  work f o r  Chapter 9;  

t o  Mrs. Diane L i t t l e r  who a s s i s t e d  i n  f i e l d  and a r t  work f o r  t h e  shore-  

l i n e  vege ta t ion ,  and t o  M r .  Terry Powell who a l s o  con t r ibu ted  a r t  work. 

Local r e s i d e n t s  of  t h e  a r e a  were most h e l p f u l ,  and the  fol lowing 

a s  r e sea rch  a s s i s t a n t s  f a c i l i t a t e d  the  ga the r ing  o f  t he  information 

presented i n  t h e  ind iv idua l  chapters :  Messrs. L.  E. Bishop, E .  Brecknock, 

E. Guinther,  J .  McVey, B. Mi l l e r  and S. Swerdloff .  Persorts s p e c i f i c a l l y  

a id ing  M r .  Sakuda (and sometimes M r .  Kenji  Ego) i n  t h e  F ish  and Game 

surveys inc lude  Messrs.  T .  Fujimura, R.  Kanayama, P. Kawamoto, E .  Onizuka 

and C. Vares. 

To t h e  end t h a t  Kealakekua Bay becomes used maximally t o  the 

b e n e f i t  of t h e  people of Hawaii, t he  compiler wishes t o  express  h i s  

app rec i a t ion  t o  t h e  above and t o  t he  f a r s igh tedness  of t he  S t a t e  o f f i c i a l s  

who have encouraged t h e  making of t h i s  s tudy .  

Maxwell S. Doty 
Department of  Botany 
Un ive r s i t y  of  Hawaii 



REPORT AND CONCLUSIONS 

Kealakekua Bay, a  mi le -wide  bay on t h e  Kona Coast  o f  Hawaii ,  h a s  

been a  nuc leus  o f  a c t i v i t y  th roughout  r e c o r d e d  h i s t o r y .  I t  p r e s e n t s  a  

l a r g e l y  " p r i s t i n e "  a tmosphere  a s  l i t t l e  ev idence  o f  human e x p l o i t a t i o n  i s  

v i s i b l e .  The c i r c u m n a v i g a t o r ,  C a p t a i n  Cook, twice  v i s i t e d  t h e  bay and 

met  h i s  d e a t h  a t  Kaawaloa, a Hawaiian v i l l a g e  p r e s e n t l y  i n  r u i n s  a t  t h e  

n o r t h  end o f  t h e  bay.  

Today, two t o u r i s t  v e s s e l s  each w i t h  a  c a p a c i t y  f o r  120 p e r s o n s  

make d a i l y  e x c u r s i o n s  t o  t h e  bay from t h e  r e s o r t  a r e a  o f  Kailua-Kona. The 

p r i n c i p a l  i n t e r e s t  i s  t h e  monument t o  C a p t a i n  Cook s e t  amid "unspoi ledf l  

s u r r o u n d i n g s  o f  kiawe. A g l a s s - b o t t o m  b o a t  i s  moored n e a r b y ,  and l i f e  

j a c k e t s  a r e  p rov ided  f o r  t o u r i s t s  w i s h i n g  t o  swim. On t h e  r e t u r n  t r i p  t o  

K a i l u a ,  t h e  t o u r i s t  v e s s e l s  swing by Hikiau Heiau ( F i g .  4 )  on t h e  bay by 

Napoopoo Beach Park .  Here,  a  costumed "Kahuna" b r i e f l y  c e r e m o n i a l i z e s  f o r  

t h e i r  b e n e f i t .  The C i t y  o f  Refuge N a t i o n a l  H i s t o r i c a l  P a r k  i s  one and one- 

h a l f  m i l e s  s o u t h .  

The c o n c l u s i o n s  o f  t h e  p r e s e n t  s t u d y  o f  Kealakekua Bay r e l a t e  t o  

t h e  g e o l o g i c a l  and h y d r o l o g i c a l  c o n d i t i o n s  and t o  t h e  a l g a e  ( l i m u ) ,  p l a n k t o n ,  

c o r a l s ,  m o l l u s c s  (g .g . ,  s e a  s h e l l s ) ,  s e a  u r c h i n s  ( v a n a ) ,  c r u s t a c e a  (g .g . ,  

l o b s t e r s ,  c r a b s ,  s h r i m p ) ,  f i s h ,  p o r p o i s e s ,  t u r t l e s  and t h e  s u r r o u n d i n g  

l a n d  mass v e g e t a t i o n s .  E c o l o g i c a l  zones  a r e  d e s c r i b e d  f o r  b o t h  l a n d  and 

mar ine  p o p u l a t i o n s ,  and l a n d - s e a  r e l a t i o n s h i p s  a r e  d i s c u s s e d  i n  terms o f  

t h e  sediment  and o t h e r  c o n t e n t s  o f  t h e  f r e s h w a t e r  r u n o f f .  

No t h e r m o c l i n e ,  o r  l a y e r i n g  o f  l a r g e  w a t e r  masses ,  was d e t e c t e d  

above a  d e p t h  o f  400 f e e t .  The c u r r e n t  a l o n g  t h i s  p a r t  o f  t h e  Kona 

Coast  f lows southward most  o f  t h e  y e a r .  During a  f a l l i n g  t i d e  t h e  

upper  mete r  o f  w a t e r  i n s i d e  t h e  bay f lows (F ig .  5) i n  t h e  same g e n e r a l  

d i r e c t i o n  a s  t h e  s o u t h e r l y  o f f s h o r e  c u r r e n t .  However, d u r i n g  a  r i s i n g  t i d e  
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t h e  movement i s  s t r o n g l y  towards s h o r e  (Fig .  6 ) w i t h  Manini Beach P o i n t  

and Palemano P o i n t  a c t i n g  t o  d i r e c t  t h e  w a t e r  i n  two broad c i r c u l a r  

p a t t e r n s ,  from Napoopoo t o  Kaawaloa Cove and from Palemano P o i n t  t o  

Kahauloa Cove, r e s p e c t i v e l y .  

The c u r r e n t  a l o n g  t h e  s h o r e l i n e  i s  hence r e v e r s e d  f o r  r i s i n g  and 

f a l l i n g  t i d e  s i t u a t i o n s .  To i l l u s t r a t e  t h i s ,  one morning s e v e r a l  y e a r s  

ago a  house f l o a t e d  i n t o  t h e  bay n e a r  Napoopoo. I t  f l o a t e d  a l o n g  t h e  p a l i  

f a c e  t o  Cook's Monument, b u t  t h e n  began d r i f t i n g  back t h e  way it  came. 

That  evening i t  beached n e a r  where i t  had washed o u t  a t  Napoopoo. 

The speed o f  t h e  c u r r e n t  a l o n g  t h e  f a c e  o f  t h e  p a l i  i s  50 m/hr 

( 2  f t / m i n )  compared w i t h  500 m/hr o u t s i d e  o f  t h e  bay,  a  d i f f e r e n c e  o f  one 

o r d e r  o f  magnitude.  Although n o t h i n g  o f  a  q u a n t i t a t i v e  n a t u r e  r e g a r d i n g  

v v f l u s h i n g  t imes" o f  w a t e r  masses  was under taken ,  t h e  p r e l i m i n a r y  work does  

i n d i c a t e  t h a t  m a t e r i a l  e n t e r i n g  a l o n g  t h e  p e r i p h e r y  o f  t h e  bay would 

d i s s e m i n a t e  compara t ive ly  s lowly  i n t o  t h e  bay p roper  due t o  t h e  speed and 

r e v e r s i n g  n a t u r e  o f  t h e  c u r r e n t .  A s  t h e  o f f s h o r e  c u r r e n t  i s  g e n e r a l l y  

s o u t h e r l y ,  s o u t h - f a c i n g  Kaawaloa Cove i s  more s h e l t e r e d  from t h e  i n f l u e n c e s  

o f  o f f s h o r e  winds and c u r r e n t s  t h a n  a r e  o t h e r  r e g i o n s  o f  Kealakekua Bay. 

I t  i s  i n  t h i s  a r e a  t h a t  t h e  Napoopoo f i s h i n g  v e s s e l s  a r e  moored f o r  t h e  

w i n t e r .  

Exper imental  s h a r k  f i s h i n g  was conducted i n  Kealakekua Bay from a 

l i n e  s t r e t c h e d  o v e r n i g h t  from Cook P o i n t  t o  Palemano P o i n t .  S i x  s h a r k s  

were t aken ,  and t h e  s h a r k  p o p u l a t i o n  was termed moderate  f o r  t h e  bay. 

The s h a r k s  were a l l  t aken  o f f  e i t h e r  Palemano P o i n t  o r  Manini  Beach P o i n t ,  

and t h i s  i n  keeping w i t h  c u r r e n t  d a t a  a s  s h a r k s  a r e  known t o  swim "upstream" 

i n  fo rag ing .  



A major  c o n s i d e r a t i o n  i n  t h i s  s t u d y  was i n  l o c a t i n g  and t e s t i n g  

p o i n t s  o f  f r e s h w a t e r  seepage i n t o  t h e  bay.  No r i v e r  mouths o r  e s t u a r i n e  

s i t u a t i o n s  a r e  p r e s e n t ,  b u t  t h e  amount o f  b r a c k i s h  w a t e r ,  even measured 

a f t e r  a  prolonged d r y  p e r i o d ,  i s  c o n s i d e r a b l e .  

"Brackish water ' '  h e r e  r e f e r s  t o  p e r c o l a t i o n  i n t o  t h e  bay o f  r u n o f f  

w a t e r  from t h e  s u r r o u n d i n g  l a n d  masses ;  i t s  volume r e f l e c t s  t h e  wa te r  

t a b l e .  The h i g h e r  ground sur rounding  Kealakekua Bay r e c e i v e s  much more 

r a i n f a l l  t h a n  does t h e  bay i t s e l f .  

I n  a  b r a c k i s h  s i t u a t i o n  t h e  c o l d e r ,  l e s s  d e n s e f r e s h w a t e r  forms a 

l a y e r  o v e r  t h e  s e a  w a t e r .  Th i s  l a y e r  v a r i e s  w i t h  t h e  t i d e  h e i g h t ,  t h e  

r a t e f r e s h w a t e r  p e r c o l a t e s  i n t o  t h e  a r e a  and t h e  r a t e  o f  d i f f u s i o n .  The 

r a t e  o f  mixing i n  a s h e l t e r e d  a r e a  such a s  Kaawaloa Cove, f o r  example, 

i s  much s lower  t h a n  o f f  t h e  more exposed Keei.  

Twenty-two b r a c k i s h  s t a t i o n s  were  e s t a b l i s h e d  and d e s c r i b e d  w i t h i n  

t h e  c o n f i n e s  o f  kea lakekua  Bay. The major  b r a c k i s h  a r e a s  (F ig .  7 ) a r e  

a t  Kaawaloa Cove, Napoopoo, Kahauloa Cove and by T, A s h i h a r a ' s  c o t t a g e .  

A t  t h e s e  f o u r  s t a t i o n s  a b r a c k i s h  l a y e r  s e v e r a l  f e e t  i n  t h i c k n e s s  ex tends  

s e v e r a l  hundred f e e t  i n t o  t h e  bay when t h e  t i d e  i s  n e a r  i t s  ebb. 

Brackish w a t e r  was d e t e c t e d  o f f  t h e  caves  a t  Keawekaheka P o i n t ,  

by t h e  end o f  t h e  j eep  road t o  Kaawaloa F l a t ,  o f f  Cook's Monument and o f f  

Umi's Well i n  Kaawaloa Cove. A s  was i n d i c a t e d  above i n  d i s c u s s i n g  c u r r e n t s ,  

Kaawaloa Cove i s  compara t ive ly  s h e l t e r e d  due t o  i t s  s o u t h e r n  exposure .  The 

r a t e  o f  p e r c o l a t i o n  from t h e  r e g i o n  o f  Umi's Well i s  g r e a t e r  t h a n  i n  any 

o t h e r  s h e l t e r e d  l o c a l i t y  o f  t h e  bay e x c e p t i n g  Kahauloa Cove. A t  t h e s e  

two s t a t i o n s ,  a b r a c k i s h  l a y e r  o f  v a r y i n g  t h i c k n e s s  more o r  l e s s  

permanent ly  b l a n k e t s  t h e  su r rounding  s e a  w a t e r .  
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As t h e  s h e l t e r i n g  s lows d i f f u s i o n  r a t e s  o f  t h e  s e e p i n g  ground w a t e r  

and i t s  m i n e r a l  and o r g a n i c  c o n s t i t u e n t s ,  i t  i s  f e l t  t h a t  t h i s  a r e a  by 

Cook's Monument would be p a r t i c u l a r l y  v u l n e r a b l e  t o  a l t e r a t i o n s  i n  t h e  

n a t u r e  o f  t h e  f r e s h w a t e r  r u n o f f .  Reasons f o r  b e l i e v i n g  Kaawaloa Cove t o  

p r e s e n t l y  be i n  d e l i c a t e  e c o l o g i c a l  ba lance  a r e  d i s c u s s e d  below i n  t h e  

s e c t i o n s  on c o r a l  and u r c h i n  communities. 

The f r e s h w a t e r  i n d i c a t i n g  seaweed genera ,  Ulva and Enteromorpha, - 

grow o f f  U m i ' s  Well ,  and nearby a  g lass -bo t tom b o a t  i s  moored which 

s u p p o r t s  a  l u x u r i o u s  ga rden  o f  Ulva,  t h e  g reen  s e a  l e t t u c e .  

C e r t a i n  o f  t h e  s h e l l s  a t  Kaawaloa Cove a r e  b r a c k i s h - w a t e r  s p e c i e s .  

These i n c l u d e  t h e  p i p i h i s ,  Theodoxus n e g l e c t u s  and P l a n a x i s  l a b i o s a ,  

and t h e  b i v a l v e s  P i n c t a d a  m a r g a r i t i f e r a  and Isognomon c a l i f o r n i c u m .  

Brackish w a t e r  was found a t  s i x  p o i n t s  ( F i g ,  7 ) between Kaawaloa 

Cove and t h e  Napoopoo S t a t e  d o c k j  b u t  t h e  s t a t i o n s  were  l o c a l i z e d  and 

r a t e s  o f  p e r c o l a t i o n  n o t  h i g h .  Beyond t h e  dock i s  a  p a r t i a l l y  g r a v e l l y ,  

bou lder - s t rewn,  c rescen t - shaped  beach f r o n t e d  by p r i v a t e  homes. The 

e n t i r e  beach a t  low t i d e  a c t s  a s  a  s i e v e  f o r f r e s h w a t e r ,  b u t  a l though  t h e  

r a t e  i s  h i g h  t h e  bay i s  l e s s  s h e l t k r e d  h e r e  t h a n  a t  Kaawaloa Cove, and 

t h e  s u r f a c e  l a y e r  o f  b r a c k i s h  w a t e r  i s  no t  n e a r l y  s o  prominent .  

Beyond t h e  above s t a t i o n s , f r e s h  w a t e r  e n t e r s  t h e  bay a t  r e g u l a r  

i n t e r v a l s  t o  t h e  rocky promontory which beg ins  Manini Beach P o i n t .  

F u r t h e r  on  i s  Kahauloa Cove which i s  s t r o n g l y  b r a c k i s h  and v e r y  p r o t e c t e d .  

A t  n e a r l y  a l l  t i d e s  a  b l a n k e t  o f  b r a c k i s h  w a t e r  covers  t h e  e n t i r e  i n l e t .  

South o f  t h a t  a t  T. A s h i h a r a ' s  c o t t a g e ,  t h e  f r e s h w a t e r  i s  a l s o  c o n s i d e r -  

a b l e ,  b u t  t h e  a r e a  i s  n o t  p r o t e c t e d  and d i f f u s i o n  i s  r a p i d .  

The s h o r e l i n e  s o u t h  o f  t h i s  l a s t  s t a t i o n  c o n t a i n s  r e l a t i v e l y  f a r  

fewer b r a c k i s h  a r e a s  t h a n  does  t h e  r e g i o n  n o r t h .  There i s  some f r e s h w a t e r  



p e r c o l a t i o n  a t  t h e  canoe l a n d i n g  near  Manago's c o t t a g e ,  and some by t h e  

abandoned YMCA camp s o u t h  o f  Palemano P o i n t ,  and some more 600 m s t i l l  

f u r t h e r  s o u t h  o f  t h i s  a t  a f i s h e r m a n ' s  s h a n t y ,  b u t  no f u r t h e r  s t a t i o n s  

were  i d e n t i f i e d  between t h e r e  and Honaunau Bay. However, i t  was f e l t  

t h a t  b r a c k i s h  a r e a s  p r o b a b l y  do e x i s t ,  b u t  t h e  s h o r e l i n e  i s  h i g h l y  exposed,  

and t h e y  were n o t  d e t e c t e d  by t h e  methods employed i n  t h i s  su rvey .  

S e l e c t e d  b r a c k i s h  s t a t i o n s  were sampled f o r  c o l i f o r m  and f e c a l  

c o l i f o r m  b a c t e r i a ,  and f o r  t o t a l  phosphorous and t o t a l  n i t r o g e n  p r e s e n t  

i n  t h e  w a t e r .  The v a l u e s  o b t a i n e d  were t h e n  compared w i t h  t h e  p u b l i c  h e a l t h  

r e g u l a t i o n s  o f  t h e  S t a t e  o f  Hawaii r e g a r d i n g  w a t e r  q u a l i t y  s t a n d a r d s .  The 

r e s u l t s  o f  our  su rvey  i n d i c a t e  t h a t  t h e  e n t i r e  bay e x c e p t i n g  Kaawaloa 

Cove and t h e  p o p u l a t e d  r e g i o n  by t h e  Napoopoo S t a t e  dock meets  t h e  

s t a n d a r d s  f o r  "AA Waters," which i s  p r i s t i n e  and c h a r a c t e r i s t i c  o f  a  

w i l d e r n e s s  a r e a .  The o t h e r  two a r e a s  meet t h e  s t a n d a r d s  f o r  "A Water," 

which,  a l t h o u g h  n o t  p r i s t i n e ,  a r e  c o n s i d e r e d  comple te ly  s u i t a b l e  f o r  

swimming and r e c r e a t i o n a l  u s e .  

The underwater  topography o f  Kealakekua Bay was d e s c r i b e d .  I n  

g e n e r a l  (Fig .  2 ) ,  t h e  s h o r e  d rops  o f f  s h a r p l y  beyond t h e  ten-fathom 

l i n e .  A t  t imes  t h i s  drop i s  q u i t e  p r e c i p i t o u s .  There seems t o  be v e r y  

l i t t l e  c o r a l  o r  any o t h e r  organisms growing on t h e  s t e e p  o u t e r  s l o p e s ,  

and SCUBA d i v e r s  noted a  marked s t e r i l i t y  a t  g r e a t e r  d e p t h s  a s s o c i a t e d  

w i t h  t h e  s u b s t r a t e  which i s  g e n e r a l l y  sandy. 

The g e n e r a l  b i o t i c  p i c t u r e  t h e n  i s  one i n  which t h e  v a s t  bu lk  o f  

t h e  1ivi .ng organisms i s  c o n c e n t r a t e d  a l o n g  a  sha l low r i m  o f  t h e  bay. 

Th is  i n t e n s i f i e s  t h e  i n t i m a c y  o f  t h e  r e l a t i o n s h i p  between t h e  e x i s t i n g  

b i o t a  and c o n d i t i o n s  on t h e  s u r r o u n d i n g  l a n d  masses ,  and means t h a t  

mar ine  p l a n t  and animal communities would i n  a l l  l i k e l i h o o d  be  ex t remely  

r e s p o n s i v e  t o  any m o d i f i c a t i o n s .  
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I n  g e n e r a l  n e a r  s h o r e  t h e  bottom i s  covered w i t h  an  assor tment  o f  

b o u l d e r s  o r  s m a l l e r  f ragments ,  and t h e s e  b o u l d e r s  a r e  u s u a l l y  l a r g e r  as 

one p r o g r e s s e s  seaward.  I n  g e n e r a l  t h e  dominant r e c o g n i z a b l e  organisms 

a r e  c o e l e n t e r a t e  c o r a l s ,  f i s h e s  and s e a  u r c h i n s .  P r o g r e s s i n g  seaward 

t h e  c o e l e n t e r a t e  c o r a l  cover  becomes d e n s e r . .  As t h e  ten-fa thom l i n e  i s  

approached t h e  i n d i v i d u a l s  a r e  t h i c k e r  and t h e y  cover  more n e a r l y  100 p e r  

c e n t  o f  t h e  bottom. 

The v i s i b l e  macroscopic  a l g a l  m a t e r i a l  ( l imu)  i s  a lmost  e n t i r e l y  

i n t e r t i d a l  o r  on v e r y  s h a l l o w  n e a r - i n t e r t i d a l  r o c k s .  Except f o r  s p o t s  o f  

m a t - l i k e  c r u s t s  o f  a l g a e  on b o u l d e r s  i n  some a r e a s ,  T u r b i n a r i a  o r n a t a  i s  

t h e  o n l y  macroscopic  a l g a  s e e n  i n  w a t e r  over  two m e t e r s  deep.  There i s  

a  p a u c i t y  o f  s p e c i e s  such  a s  Sargassum upon which t u r t l e s  a r e  known t o  

f e e d .  

It was f e l t  t h a t  p r e s e n t l y  t h e  w d r s t  example o f  h a b i t a t  e x p l o i t a t i o n  

by man concerned bottom l i t t e r  and t h a t  t h i s  c o n d i t i o n  was p r i n c i p a l l y  

r e s t r i c t e d  t o  t h e  a r e a  n e a r  Cook's Monument. There i s  a n  abundance o f  

t r a s h  h e r e ,  i n c l u d i n g  a u t o  t i r e s ,  t i n  cans ,  r o p e ,  w i r e ,  b o t t l e s  and t h e  

l i k e .  The o n l y  a r e a  showing ev idence  o f  human d i s t u r b a n c e  t o  t h e  c o r a l  

i s  a l s o  i n  Kaawaloa Cove. Hi red  d i v e r s  b reak  o f f  c o r a l  f o r  t h e  t o u r i s t s  

( t h i s  i s  a d v e r t i s e d  i n  t h e  e x c u r s i o n  b r o c h u r e s ) ,  and some s p o t s  have been 

bad ly  mauled by a n c h o r s ,  

As i n d i c a t e d  above,  t h e  b e n t h i c  seaweed p o p u l a t i o n  i s  s p a r c e ;  

indeed ,  t o  t h e  c a s u a l  o b s e r v e r  i t  might  appear  a b s e n t .  No conspicuous 

beds a r e  t o  be s e e n  anywhere i n  Kealakekua Bay a t  t h e  p r e s e n t  t ime. 

However, t h e  environment would appear  s u i t a b l e  f o r  heavy cover  i n  some 

a r e a s ,  such a s  i n  t h e  s o u t h e r n  r e a c h e s  o f  t h e  bay.  
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I n  Waikiki  seaweeds occur  i n  v a r i o u s  q u a n t i t i e s ,  and t h a t  they  a r e  

h a r d  t o  f i n d  i n  any q u a n t i t y  i n  Kealakekua Bay i s  r e l a t e d  t o  low f e r t i l i z e r  

c o n c e n t r a t i o n s .  Although p r e s e n t  now i n  o n l y  token amounts, t h e  u s u a l  

s p e c i e s  complement f o r  t h e  r e s t  o f  Hawaii can perhaps  be found h e r e .  

Algal  beds a r e  o f t e n  conspicuous  i n  a r e a s  where f r e s h w a t e r  and 

f e r t i l i z e r  a r e  i n t r o d u c e d .  The l u x u r i o u s  mats  o f  Ulva on  t h e  g lass -bo t tom 

b o a t  moored near  Cook's Monument a r e  noted above. A more f a m i l i a r  example 

i s  t h e  s p l a s h  o f  g r e e n  i n  f r o n t  o f  t h e  bathhouse a t  Hanauma Bay on Oahu. 

The p r i n c i p a l  among t h e s e  g reen  p o l l u t i o n  i n d i c a t o r s  i s  t h e  p resence  o f  

an  a l g a l  community dominated by t h e  genus Ulva,  a t  p r e s e n t  o n l y  a n  
I 

o c c a s i o n a l  a l g a  a t  Kealakekua Bay. Large g reen  a r e a s  o f  t h i s  s e a  l e t t u c e ,  
I 

o f t e n  becoming o f f - w h i t e  o r  y e l l o w i s h  i n  p a r t ,  cou ld  be expec ted  t o  

develop i f  a  s i g n i f i c a n t  amount o f  f r e s h w a t e r  and f e r t i l i z e r  were t o  

p e r c o l a t e  i n t o  t h e  bay,  o r  even i f  p rocessed  sewage were t o  be f u r n i s h e d .  

The development o f  a p o l l u t i o n - t y p e  mar ine  community i n  Kealakekua 

Bay would mean l o s s  o f  much o f  t h e  p r e s e n t  Hawaiian mar ine  l i f e ,  and i n  

few o t h e r  a r e a s  i s  t h i s  mar ine  l i f e  more r e a d i l y  a c c e s s i b l e  t o  t h e  

i t i n e r a n t .  

A mar ine  s h o r e  a r e a  i n  b a l a n c e  suddenly  r e c e i v i n g  q u a n t i t i e s  o f  

f e r t i l i z e r  f l u s h e d  i n  w i t h  f resh .wate r  w i l l  a l t e r  i n  a d a p t i n g  t o  t h e  new 

c o n d i t i o n s .  The expec ted  p a t t e r n  i s  f o r  a  s e r i e s  o f  n e a r - i r r e v e r s i b l e  

changes t o  o c c u r .  The f i r s t  changes t o  be s e e n  a r e  i n  t h e  mic roscop ic  

a l g a l  organisms,  t h o s e  e s s e n t i a l  t o  t h e  l a r v a l  animal s t a g e s  and u t i l i z e d  

( a s  z o o x a n t h e l l a e )  by c o r a l  a d u l t s .  The r e s u l t s  a r e  newly dominant s p e c i e s  

o f  t h e  s h o r t - l i v e d ,  f r e q u e n t l y  reproduc ing  k i n d s .  I n  t h i s  c a s e ,  they  w i l l  

be  t h o s e  r e l a t i v e l y  i n s e n s i t i v e  t o  o r  s t i m u l a t e d  by t h e  a d d i t i o n  o f  

f r e s h w a t e r  and t h e  f e r t i l i z e r s  d e r i v e d  from sewage. I n  t h e  t r o p i c s  



t h e s e  a r e  u s u a l l y  members o f  t h e  Ulvaceae;  Enteromorpha i f  a s t e a d y  supp ly  

o f f r e s h  wate r  i s  i n v o l v e d ,  o r  Ulva i f  t h e  f r e s h w a t e r  i s  l e s s  o r  p e r i o d i c  

and c o n t a i n s  i n c r e a s e d  n i t r o g e n o u s  was tes .  Thus, i t  i s  t h a t  a  s p l a s h  o f  

g r e e n  from t h e s e  seaweeds i n  f r o n t  o f  a  r e s i d e n c e  o r  bathhouse i n d i c a t e s  

p o l l u t i o n .  

An Ulva community i s  u s u a l l y  s t r a n g e l y  devoid of  animal  l i f e  o r  

much of  any l i v i n g  m a t e r i a l  o t h e r  t h a n  t h e  seaweed Ulva i t s e l f .  Many 

e x p l a n a t i o n s  have been o f f e r e d  f o r  t h i s ,  b u t  wide v a r i a t i o n s  i n  t h e  oxygen 

c o n t e n t  o f  t h e  w a t e r  and t h e  p r o d u c t i o n  o f  t o x i c  m a t e r i a l s  a r e  two which 

do f u n c t i o n  t o  t h e  e x c l u s i o n  o f  an imals .  

With t h e  adven t  o f  sewage d i s p o s a l  i n  Kealakekua Bay and such 

p o p u l a t i o d s  a s  t h e  above appear ing ,  t h e  n a t u r a l  food f o r  t h e  n a t i v e  

organisms d e c r e a s e s .  Thus, t h e  f i s h  and o t h e r  animal p o p u l a t i o n s  would 

d e c r e a s e  t o  t h e  e x t e n t  t h e y  d i d  n o t  consume t h e  new a l g a l  p o p u l a t i o n  o r  

t h e  p o l l u t i o n  m a t e r i a l  d i r e c t l y .  

A l t e r a t i o n  o f  any n a t u r a l  h a b i t a t  such a s  Kealakekua Bay w i l l  

encourage s u c c e s s  o f  e x o t i c s .  Th i s  i s  t h e  g e n e r a l  e x p l & n a t i o n  f o r  t h e  

l a c k  o f  n a t i v e  p l a n t  and animal l i f e  below about  t h e  1500-foot  l e v e l  on  

Oahu. E x o t i c  seaweed s p e c i e s  such a s  Acanthophosa s p i c i f e r a ,  Ulva - 
r a t i c u l a t a  and D i c t y o s p h a e r i a  cavernosa  have become dominat ing e lements  

i n  Kaneohe Bay w i t h i n  t h e  l a s t  20 y e a r s  accompanied by t h e  d i sappearance  

o f  o t h e r ,  l e s s  t o l e r a n t  seaweeds and o f  t h o s e  f i s h  s p e c i e s  which had f e d  

upon them. 

New p l a n t i n g s  on l a n d  a r e  u s u a l l y  w e l l  wa te red  and f e r t i l i z e d  and 

most o f  t h a t  f e r t i l i z e r  p e r c o l a t e s  t o  t h e  s e a  nearby.  Even a p a r t  from 

t h e  f e r t i l i z e r ,  a s  t h e  p l a n t s  grow and p h o t o s y n t h e s i z e  much o f  t h a t  o r g a n i c  

m a t e r i a l  may wash o u t  o f  t h e  p l a n t  i n t o  t h e  ground w a t e r  and,  t o  t h e  e x t e n t  
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n o t  d e s t r o y e d  by b i o l o g i c a l  a c t i v i t y  i n  t h e  s o i l ,  end up i n  t h e  s e a  a l o n g  

w i t h  t h e  i n o r g a n i c  f e r t i l i z e r  m a t e r i a l s .  

Such a  s i t u a t i o n  migh t  b e  expec ted  t o  deve lop  upon i n t r o d u c t i o n  o f  

a  g o l f  c o u r s e .  Here t h e  volume of  f r e s h w a t e r  r u n o f f  would r i s e  due t o  

w a t e r i n g ,  and would be enhanced w i t h  f e r t i l i z e r  c o n s t i t u e n t s  and w i t h  

v e g e t a t i v e  m a t e r i a l  from t h e  i n c r e a s e d  p h o t o s y n t h e t i c  y i e l d  o f  a l u s h ,  

g r a s s  c o v e r .  

I f  sewage e f f l u e n t  were  t o  be i n t r o d u c e d  i n t o  t h e  bay,  i t  might  

have t o  be  t r a n s p o r t e d  t o  c o n s i d e r a b l e  d e p t h s  and employ d i f f u s e r  t e c h n i q u e s  

i n  o r d e r  t o  avo id  d e t r i m e n t a l  e f f e c t s  on t h e  s h a l l o w  w a t e r  b i o t a .  

Tows were  made f o r  zoop lank ton  ( F i g . 1 4  ), and t h e  a r e a  o f  t h e  bay 

found most abundant  i n  zoop lank ton  was Kaawaloa Cove, n e a r  Cook's 

Monument. lhis f u r t h e r  i n d i c a t e s  i t s  s h e l t e r e d  n a t u r e ,  t h a t  t h i s  w a t e r  

mass does n o t  f l u s h  a s  r a p i d l y  as do o t h e r  p a r t s  o f  t h e  bay .  

One c o n c l u s i o n  o f  t h e  c o r a l  s t u d i e s  done i n  Keaiakekua Bay was 

t h a t  t h e  p o p u l a t i o n  p r e s e n t  i s  un ique  t o  t h i s  a r e a .  Seven teen  s p e c i e s  o f  

c o r a l  i n  1 3  g e n e r a  were  c o l l e c t e d ,  one  o f  which was a new r e c o r d  f o r  

Hawaii .  

There  i s  marked z o n a t i o n  o f  t h e  c o r a l  w i t h  d e p t h  due t o  t h e  

s t e e p n e s s  o f  t h e  bay and i t s  p r o t e c t i o n .  Four d i s t i n c t  c o r a l  zones were 

d i s t i n g u i s h e d  I'n Kaawaloa Cove, f o r  example, and t h e  e x t e n t  o f  t h e i r  

v e r t i c a l  d i s t r i b u t i o n  was though t  l i m i t e d  by l i g h t  p e n e t r a t i o n ,  t e m p e r a t u r e  

and p o s s i b l y  food.  I t  was b rough t  o u t  t h a t  t h e  s p e c i e s  o f  c o r a l  p r e s e n t  

i n  t h i s  cove a r e  p r e s e n t l y  i n  a  v e r y  d e l i c a t e  e c o l o g i c a l  b a l a n c e ,  a 

b a l a n c e  though t  t o  b e  p r i n c i p a l l y  m a i n t a i n e d  by low phospha te  i n  t h e  

environment ,  a , ~ d  by lowered s a l i n i t y  and t e m p e r a t u r e  due t o  t h e  p resence  

of f r e s h w a t e r .  Some c o r a l s  do n o t  t o l e r a t e  h i g h  l e v e l s  o f  phosphorous.  



The most noteworthy f e a t u r e  o f  t h e  mar ine  m o l l u s c a n  fauna  ( s e a  

s h e l l s ,  e t c . )  o f  Kealakekua Bay from t h e  s t a n d p o i n t  o f  g e n e r a l  i n t e r e s t  

i s  i t s  d i v e r s i t y ,  t h e  d e n s i t i e s  e x h i b i t e d  by some s p e c i e s ,  and t h e  

o c c u r r e n c e  o f  some o f  t h e  more s p e c t a c u l a r  m o l l u s c s  i n  r e l a t i v e l y  s h a l l o w  

w a t e r .  These a s p e c t s  a r e ,  o f  c o u r s e ,  enhanced by t h e  s p a r k l i n g ,  c l e a r  

w a t e r s  and e x c e p t i o n a l  v i s i b i l i t y  u s u a l l y  e x p e r i e n c e d  i n  t h e  bay.  

The c o n c l u s i o n  i s  t h a t  i n  terms o f  s p e c i e s  d i v e r s i t y ,  p e c u l i a r i t i e s  

i n  f a u n a l  compos i t ion ,  h a b i t a t  d i f f e r e n c e s  and d e n s i t i e s ,  t h e  mar ine  

m o l l u s c s  o f  Kealakekua Bay may v e r y  w e l l  b e  u n p a r a l l e l e d  i n  any o t h e r  

s i m i l a r l y  c i r c u m s c r i b e d  a r e a  i n  t h e  Hawaiian I s l a n d s .  I n  j u s t  wa lk ing  

around on t h e  low l e d g e  o f  Cook P o i n t ,  f o r  i n s t a n c e ,  o v e r  40 s p e c i e s  a r e  

exposed t o  view. 

The d i v e r s i t y  o f  mar ine  m o l l u s c s  h e r e  i s  p r o b a b l y  a s s o c i a t e d  w i t h  

b o t h  t h e  d i v e r s i t y  o f  c o n d i t i o n s  and h a b i t a t s  found i n  t h e  bay and w i t h  

t h e  u n s i l t e d  w a t e r s .  An a r e a  o f  approx imate ly  comparable h a b i t a t  d i v e r s i t y  

b u t  w i t h  s i l t y  w a t e r  i s  Kaneohe Bay, Oahu. There ,  110 mar ine  mol luscan  

s p e c i e s  a r e  now found compared w i t h  184 i n  t h e  much s m a l l e r  Kealakekua Bay. 

A t  t h e  p r e s e n t  t ime  t h e  v a s t  number o f  sub-environments  p r e s e n t  i s  

remarkab le .  There  a r e  f o r  i n s t a n c e  a  s u r p r i s i n g  number o f  d i f f e r e n t ,  

s p e c i a l i z e d  sand  communities,  and b o t h  t h e  d e n s i t i e s  and number o f  s p e c i e s  

i n  t h e  sand communities i n  Kealakekua Bay appear  t o  b e  h i g h e r  t h a n  t h o s e  

o f  Oahu. I n  Kaneohe Bay, once  a g a i n ,  t h e  sand communities a r e  comprised 

o f  about  h a l f  a s  many mol luscan  s p e c i e s  and t h e  d e n s i t i e s  o f  each s p e c i e s  

i s  c o n s i d e r a b l y  l e s s  t h a n  t h a t  i n  Kealakekua Bay. 

I n  terms o f  p e r c e n t a g e  compos i t ion  o f  s p e c i e s ,  t h e  p r o p o r t i o n  o f  

g a s t r o p o d s  (cowr ies ,  cones ,  e t c . )  t o  b i v a l v e s  (c lams,  o y s t e r s ,  e t c . )  i s  

89:11 ( o r  89 p e r  c e n t  g a s t r o p o d s )  i n  Kealakekua Bay. Th i s  appears  t o  b e  
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h i g h e r  t h a n  h a s  been measured e l sewhere  i n  t h e  Hawaiian I s l a n d s ,  which h a s  

a n  o v e r a l l  p r o p o r t i o n  o f  82:18.  The r a t i o  i n  Kaneohe Bay, Oahu, i s  8 0 : 2 0 .  

B i v a l v e s  a r e  f i l t e r  f e e d e r s  and a r e  hence  c o n s i d e r e d  p o l l u t i o n  

i n d i c a t o r s ,  whereas  a g a s t r o p o d  p o p u l a t i o n  i s  i n d i c a t i v e  o f  u n s i l t e d  

c o n d i t i o n s .  Hence, as a n  a r e a  becomes con tamina ted  one e x p e c t s  t h e  r a t i o  

t o  d e c r e a s e  by t h e  appearance  o f  l a r g e  numbers o f  b i v a l v e s  such as c lams,  

and e x t i n c t i o n  o f  v a r i o u s  g a s t r o p o d  s p e c i e s  o f  cowr ies  and cones .  I t  i s  

known t h a t  many g a s t r o p o d  s p e c i e s  which used  t o  be  c o l l e c t e d  i n  Kaneohe 

Bay a r e  no l o n g e r  p r e s e n t ,  and t h e  e x c e e d i n g l y  h i g h  p e r c e n t a g e  f o r  

Kealakekua Bay i s  e v i d e n c e  f o r  t h e  u n s p o i l e d  c o n d i t i o n s  t h a t  e x i s t  t h e r e .  

It i s  f e l t  t h a t  a t  t h e  p r e s e n t  t ime  t h e  m o l l u s c  p o p u l a t i o n  i s  i n  a 

d e l i c a t e  e c o l o g i c a l  b a l a n c e  and d i s t u r b a n c e s ,  such  a s  i n c r e a s e d  n i t r a t e  

and phospha te  s a l t s  l e a c h i n g  i n t o  t h e  bay,  would r e s u l t  i n  a n  imbalance  

o f  t h e  community and p o s s i b l e  e x t i n c t i o n  o f  some s p e c i e s  from t h e  a r e a .  

Although, as no ted  above,  t h e  a r e a  around Cook P o i n t  i s  v e r y  r i c h  

i n  m o l l u s c s ,  t h e i r  g e n e r a l  d e n s i t y  and d i v e r s i t y  i s  g r e a t e s t  toward t h e  

o p p o s i t e  end o f  t h e  bay.  Palemano P o i n t  i s  c o n s i d e r e d  t h e  r i c h e s t  a r e a ,  

p a r t i c u l a r l y  s o  i n  abundance o f  l a r g e r  s h e l l s .  I n  c e r t a i n  a r e a s  o f  t h e  

bay ,  s e v e r a l  workers  n o t i c e d  a  p a u c i t y  of  some o f  t h e  more showy s h e l l s .  

By o r d e r  of  impor tance  t h e  major  s e a  u r c h i n s  o f  Kealakekua Bay a r e  

t h e  s l a t e  p e n c i l  u r c h i n ,  H e t e r o c e n t r o t u s ,  and t h e  vanas ,  E c h i n o t h r i x ,  

Echinornetra and T r i p n e u s t e s .  

P robab ly  t h e  most  s t r i k i n g  a s p e c t  o f  t h e  u r c h i n  p o p u l a t i o n  from a  

t o u r i s t  s t a n d p o i n t  i s  t h e  r i c h  abundance o f  c o l o r f u l  s l a t e  p e n c i l  u r c h i n s ,  

o f t e n  p r i z e d  a s  s o u v e n i r s ,  and t h e  s p i n e s  o f  which a r e  made i n t o  wind 

chimes f o r  s a l e  by l o c a l  merchan t s .  Indeed ,  t h i s  i s  t h e  most  abundant 

u r c h i n  s p e c i e s  i n  Kealakekua Bay. It i s  p a r t i c u l a r l y  abundant i n  t h e  



r e g i o n  around Cook's Monument and,  t o  a  l e s s e r  e x t e n t ,  on t h e  n o r t h  s i d e  

o f  Palemano P o i n t .  T h i s  g r e a t  abundance o f  s l a t e  p e n c i l  u r c h i n s  does  

make t h e  a r e a  un ique  a s  o t h e r  t h a n  a l o n g  t h e  Kona Coast  and a t  a  few 

s i t e s  on Maui such  a s  M o l i k i n i  Reef,  H e t e r o c e n t r o t u s  i s  n o t  common. 

I t  was de te rmined  from secondary p r o d u c t i v i t y  r a t e s  t h a t  t h e  

t u r n o v e r  r a t e  o f  Kealakekua Bay u r c h i n s  i s  more t h a n  f i v e  y e a r s  and 

p robab ly  c l o s e  t o  t e n  y e a r s .  Th i s  g i v e s  a n  i n d i c a t i o n  o f  t h e  r a t h e r  

long t ime i t  would t a k e  a community t o  r e p a i r  i t s e l f  i f  h a r v e s t e d  o r  

o t h e r w i s e  damaged. 

The f a c t o r s  a f f e c t i n g  d i s t r i b u t i o n  and abundance o f  u r c h i n s  a r e  

o f t e n  l i s t e d  a s  d e p t h ,  s u b s t r a t e ,  exposure  t o  waves, food, animal 

behav ior  and chahce.  With t h e s e  i n  mind t h e  d i s t r i b u t i o n  and d e n s i t i e s  

o f  u r c h i n  p o p u l a t i o n s  i n  s e v e r a l  l o c a l i t i e s  w i t h i n  Kealakekua Bay were  

p l o t t e d .  However, t h e  f i n d i n g  was t h a t  t h e  u r c h i n  p o p u l a t i o n s  were 

c o r r e l a t e d  w i t h  none o f  t h e  above measureable  p a r i m e t e r s ,  and t h a t  chance 

p robab ly  p layed  a major  r o l e  i n  t h e i r  e s t a b l i s h m e n t .  What t h i s  means i s  

t h a t  were  t h e  u r c h i n  community t o  be  wiped o u t ,  i n  a l l  l i k e l i h o o d  something 

d i f f e r e n t  would come back.  The p r e s e n t ,  un ique  assemblages  p robab ly  

would n o t  r e t u r n .  

I n  p o s t u l a t i n g  chance as a major  d e t e r m i n i n g  f a c t o r  i n  u r c h i n  

d i s t r i b u t i o n  i t  was noted i n  t h i s  s t u d y  t h a t  c e r t a i n  f e a t u r e s  were n o t  

a s s o c i a t e d  w i t h  p h y s i c a l  o r  b i o l o g i c a l  f a c t o r s .  For example, a t  Napoopoo 

L i g h t ,  E c h i n o t h r i x  was t h e  dominant u r c h i n ,  y e t  t h i s  s p e c i e s  was n o t  

p r e s e n t  a t  a p h y s i c a l l y  s i m i l a r  s t a t i o n  one m i l e  s o u t h  o f  Honaunau Bay. 

T r i p n e u s t e s  was a l s o  d i f f e r e n t  between t h e s e  two s t a t i o n s  and,  as noted 

above,  t h e  s l a t e  p e n c i l  u r c h i n ,  H e t e r o c e n t r o t u s ,  i s  h i g h l y  impor tan t  i n  

most s i t e s  examined a l o n g  t h e  Kona Coast  y e t  i s  g e n e r a l l y  uncommon i n  

o t h e r  a r e a s  o f  t h e  Hawaiian I s l a n d  c h a i n .  



Whether H e t e r o c e n t r o t u s  has  always been r a r e  i n  o t h e r  a r e a s  i s  n o t  

known f o r  c e r t a i n .  Edmondson (1946) l i s t s  T r i p n e u s t e s  and E c h i n o t h r i x  as 

common forms and s a y s  t h a t  H e t e r o c e n t r o t u s  "frequents t h e  o u t e r  b o r d e r  o f  

t h e  r e e f  p l a t f o r m ,  b u t  young specimens a r e  sometimes s e e n  near  t h e  shore . "  

Th is  a p p l i e s  m a i n l y  t o  Oahu. The impress ion  i s  g i v e n  by Edmondson t h a t  

H e t e r o c e n t r o t u s  c e r t a i n l y  h a s  n o t  been a  dominant e lement  o f  t h e  u r c h i n  

fauna  f o r  t h e  p a s t  70 y e a r s ,  i f  i t  ever  was. 

Echinometra oblonga was p r e s e n t  i n  a l l  sha l low a r e a s  o f  Kealakekua 

Bay excep t  Maawaloa Cove. Here i t  was a b s e n t ,  b u t  a s i m i l a r  vana,  E. - 
mathae i  was common. The r e a s o n  f o r  t h i s  d i s p a r i t y  i s  t h a t  t h e  l a t t e r  

s p e c i e s  grows o n l y  i n  s h e l t e r e d  h a b i t a t s ,  t h e  former i n  more exposed 

s i t u a t i o n s .  It i s  concluded t h a t  be ing  most s h e l t e r e d ,  t h e  r e g i o n  o f  

Cook's Monument i s  t h e  most v u l n e r a b l e  a r e a  o f  t h e  bay t o  f a c t o r s  o f  

p o l l u t i o n .  

Urch ins  form a segment o f  t h e  sha l low w a t e r  communities t h a t  

p robab ly  r e c e i v e s  a l a r g e  p o r t i o n  o f  t h e  energy  from pr imary p r o d u c t i o n  

by a l g a e .  The u r c h i n  p o p u l a t i o n  i n  Kaawaloa Cove does d e c r e a s e  w i t h  

dep th  o r  d a r k n e s s ,  s o  presumably i t s  numbers do depend r a t h e r  d i r e c t l y  

upon pr imary p r o d u c t i v i t y .  

P r e d i c t i o n s  o f  t h e  r e s u l t s  o f  human a c t i v i t i e s  t o  t h e  u r c h i n  fauna  

must n a t u r a l l y  b e  v e r y  t e n t a t i v e .  However, a  number o f  most p robab le  

r e s u l t s  can be sugges ted .  F i r s t ,  a n y t h i n g  t h a t  would t end  t o  e l i m i n a t e  

t h e  l i v i n g  c o r a l  would p robab ly  change t h e  s p e c i e s  composi t ion o f  Kaawaloa 

Cove. The most l i k e l y  change would be r e d u c t i o n  o f  H e t e r o c e n t r o t u s  and 

a  p o s s i b l e  i n c r e a s e  o f  T r i p n e u s t e s .  With t h e  a s s o c i a t e d  d e c r e a s e  i n  bottom 

r e l i e f ,  E c h i n o t h r i x  would a l s o  be expec ted  t o  d e c r e a s e .  



E f f l u e n t  from sewage t r e a t m e n t  p l a n t s  would i n c r e a s e  t u r b i d i t y  i n  

t h e  bay and ,  t h r o u g h  l i g h t  a t t e n u a t i o n ,  would d e c r e a s e  p r o d u c t i v i t y  w i t h  

d e p t h .  Such p r o c e s s e s  a r e  known t o  c a u s e  s h a r p e r  u r c h i n  z o n a t i o n  w i t h  

fewer a t  lower  d e p t h s .  The n e t  r e s u l t  would i n  a l l  p r o b a b i l i t y  be a n  

o v e r a l l  d e c r e a s e  i n  u r c h i n  biomass. 

Because i t  p r e s e n t l y  i s  n o t  known whe ther  t h e  abundance o f  

H e t e r o c e n t r o t u s  on t h e  Kona Coast  r e p r e s e n t s  a n  e c o l o g i c a l  c l imax  s i t u a t i o n  

( t h e  r e s u l t  o f  many communities s u c c e e d i n g  e a c h  o t h e r  i n  e c o l o g i c a l  

p r o g r e s s i o n  toward e q u i l i b r i u m ) ,  o r  i s  i n s t e a d  a  community formed by 

f a c t o r s  o f  chance ,  t h e  r e c o v e r y  of a  bay a f t e r  a  marked b i o t i c  change i s  

d i f f i c u l t  t o  p r e d i c t .  

I f  t h e  a r e a  i s  a  c l imax  community, i t  would p robab ly  r e t u r n  t o  i t s  

o r i g i n a l  s t a t e .  On t h e  o t h e r  hand, i f  t h e  s p e c i e s  composi t ion was 

e s t a b l i s h e d  by chance,  t h e n  s e v e r e  damage would n o t  n e c e s s a r i l y  b e  

r e p a r a b l e .  From t h e  d a t a  p r e s e n t e d  i n  t h i s  s t u d y ,  i t  a p p e a r s  l i k e l y  t h a t  

chance i s  i m p o r t a n t .  

The o n l y  l a r g e r  c r u s t a c e a n  s e e n  i n  numbers was t h e  " c l e a n i n g  shr imp,"  

Stenopus h i s p i d u s .  L o b s t e r s  a r e  s c a r c e  i n  Kealakekua Bay, b u t  Kona c r a b s  

a r e  t r a p p e d  h e r e  i n  i s o l a t e d  groups on sandy-bottom s t r e t c h e s  n o t  f r e -  

quented by f i s h .  

F i v e  u n d e r w a t e r ,  750-foot  s t a i n l e s s  s t e e l  t r a n s e c t  l i n e s  were 

e s t a b l i s h e d  i n  Kealakekua Bay (F ig .  32 ) o v e r  which f i s h  coun t s  were 

p e r i o d i c a l l y  made. It  was determined (Tab les  1 4  th rough  16 ) t h a t  

Kealakekua Bay h a s  210 pounds o f  f i s h  p e r  a c r e  and Honaunau Bay, 227  

pounds.  T h i s  i s  more t h a n  i n  Hanauma Bay, Oahu. Off Waikiki ,  by com- 

p a r i s o n ,  148 pounds o f  f i s h  p e r  a c r e  were  coun ted .  The h i g h e s t  f i s h  

d e n s i t y  r e c o r d e d  i n  t h e  Hawaiian I s l a n d s  i s  on a t r a n s e c t  p l a c e d  o f f  



N i i h a u ,  The mean c o u n t  was 275 pounds p e r  a c r e ,  and t h e  r e g i o n  i s  c o n s i d e r e d  

p r i s t i n e .  Howeyer, i t  s h o u l d  bc: p o i n t e d  o u t  t h a t  t h i s  N i ihau  t r a n s e c t  

i s  l o c a t e d  on  a s u b s t r a t e  p a r t i c u l a r l y  f a v o r a b l e  f o r  f i s h .  

One h u n d r e d  and  t e n  d i f f e r e n t  s p e c i e s  o f  f i s h e s  were  o b s e r v e d  i n  

Kea lakekua  Eay, 32 o f  wh ich  were  cormnon. The mos t  common s p e c i e s  a r e  

y e l l o w  t a n g  (Zebrasoma_ f l a v e s c e n s )  and k o l e  ( C t e n o c h a e t u s  s t r i g o s u s ) .  

The pounds  o f  f i s h  p e r  a c r e  ( T a b l e  1 4  ) c o u n t e d  on  i n d i v i d u a l  

t r a n s e c t s  f n  Kea lakekua  Eay r a n g t d  from 58 t o  669,  and i t  was f e l t  t h e  

mean f i g u r e  o f  210 p r o b a b l y  r e f l e c t e d  a  low b i a s  as two o f  t h e  f i v e  

t r a n s e c t s  r a n  a c r o s s  s andy  bo t toms  where  v e r y  few f i s h  o c c u r r e d .  

Ano the r  r e a s o n  f o r  s u p p o s i n g  t h e r e  m i g h t  b e  more f i s h  p r e s e n t  i n  

Kealakekua  Eay t h a n  was r e c o r d e d  i s  c h a t  t h e  m a j o r i t y  o f  SCUBA d i v e r s  

s u r v e y i n g  t h e  l e n g t h  o f  t h e  bay  o b s e r v e d  t h a t  t h e  r e g i o n  o f  Palemano P o i n t  

was c o n s i d e r a b l y  r i c h e r  i n  abundance  and d i v e r s i t y  o f  f i s h e s  t h a n  was 

Cook P o i n t .  T h e r e  was no t r a n s e c t  l o c a t e d  n e a r  Palemano P o i n t ,  and  t h e  

h i g h e s t  c o u n t s  were  r e c o r d e d  o n  t r a n s e c t  l i n e s  s e t  n e a r  Cook P o i n t .  

The s t e r i l i t y  a t  g r e a t e r  d e p t h s  was remarked  on above ,  p o i n t i n g  

o u t  t h a t  t h e  f i s h  c a n ~ m u n i t i e s  a r e  c o n c e n t r a t e d  a l o n g  t h e  s h a l l o w  r i m  o f  

Kealakekua  Bay. Few a r e  found i n  deep d r e n s  due  t o  t h e  s t e e p n e s s  o f  t h e  

s l o p e  beyond t e n  f a t h o m s ,  and t h e  s andy  s u b s t r a t e  wh ich ,  b e c a u s e  o f  i t s  

p a u c i t y  o f  f i s h  f o o d ,  does  n o t  s u p p o r t  f i s h  i n  numbers.  

L t  was t h o u g h t  unwise  from a c o n s e r v a t i o n  v i e w p o i n t  t o  a l l o w  

n e t t i n g ,  t r a p p i n g  and  s p e a r f i s h i n g  i f  Kea l akekua  Bay were  t o  be  

e s t a b l i s h e d  a s  a  p r e s e r v e .  T h i s  would i n s u r e  p r e s e r v a t i o n  o f  t h e  

p r e s e n t  p o p u l a t i o n  i n t e g r i t y  and a p p r o a c h a b i l i t y  o f  i n s h o r e  f i s h e s .  

However, i t  was a l s o  t h o u g h t  t h a t  a t  t h e  , > r e s e n t  t ime  f i s h i n g  and n e t t i n g  

a r e  on  s u c h  a s m a l l  s c a l e  t h a t  t o  p r o h i b i t :  t h e s e  would n o t  r e s u l t  i n  a n y  
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i n c r e a s e  i n  t h e  f i s h  p o p u l a t i o n ,  such a s  i s  p r e s e n t l y  being exper ienced  i n  

Hanauma Bay, Oahu, which p r e v i o u s  t o  r e s t r i c t i v e  measures had been 

e x t e n s i v e l y  f i s h e d .  

With t h e  knowledge t h a t  t h e  r e g i o n  i s  p r e s e n t l y  s u b j e c t  t o  a human 

p o p u l a t i o n  i n f l u x ,  t h e  t ime f o r  p r o t e c t i v e  measures i s  thought  now, 

b e f o r e  u n d e s i r a b l e  changes from non- regu la ted  e x p l o i t a t i o n  o f  t h e  env i ron-  

ment,  such a s  o c c u r r e d  i n  Hanauma Bay, have been wrought.  

Kole (Ctenochaetus  s t r i g o s u s )  i s  a  common s p e c i e s  o f  f i s h  th roughout  

t h e  i s l a n d s ,  whereas Hawaiian k o l e  (C. h a w a i i e n s i s )  i s  common i n  Kealakekua 

Bay, b u t  uncommon i n  most a r e a s  o f  t h e  Hawaiian I s l a n d s .  These s p e c i e s  l i v e  

between b o u l d e r s  and c o r a l  mounds and feed  on  microorganisms. J u s t  why t h e  

l a t t e r  i s  common h e r e  i s  n o t  known, and Kealakekua Bay might  be an  i d e a l  

p l a c e  f o r  s t u d i e s  o f  t h e  o r i g i n  and i n t e r a c t i o n  o f  t h e s e  two s p e c i e s .  

A d e a r t h  o f  " t u r t l e  a lgae"  was no ted  above,  and indeed d u r i n g  a 

s t u d y  p e r i o d  o f  s e v e r a l  days ,  b u t  t h r e e  t u r t l e s  were observed i n  Kealakekua 

Bay. 

One o f  t h e  more i n t e r e s t i n g  a s p e c t s  o f  Kealakekua Bay i n  terms o f  

p r o j e c t e d  e x p l o i t a t i o n  f o r  tour i sm i s  t h e  l a r g e  school  o f  r e s i d e n t  s p i n n e r  

p o r p o i s e s  ( S t e n e l l a  s p . ) .  From 30 t o  80 members have been e s t i m a t e d ,  and 

t h e  s c h o o l  i s  i n v a r i a b l y  p r e s e n t  i n  some r e g i o n  o f  t h e  bay,  most o f t e n  i n  

t h e  e n v i r o n s  o f  Manini Beach P o i n t .  The p o r p o i s e s  a r e  v e r y  tame, and 

f o l l o w  b o a t s  f o r  c o n s i d e r a b l e  d i s t a n c e s  w i t h  s e v e r a l  members commonly 

p l a y i n g  i n  t h e  bow wake. 

Babies  o f  l e s s  t h a n  36 i n c h e s  i n  l e n g t h  may be s e e n ,  and a t  l e a s t  

f i v e  sub-groups  hanging t o g e t h e r  were  d i s t i n g u i s h e d  i n  a d d i t i o n  t o  

"unat tached" an imals  i n  t h e  s c h o o l .  For s t u d i e s  o f  s o c i a l  o r g a n i z a t i o n  

and i n t e r a c t i o n  t h i s  schoo l  might  be s u p e r i o r  t o  any w i l d  s c h o o l  y e t  known. 
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The r e s e a r c h e r  most exper ienced  w i t h  p o r p o i s e s  and t h e i r  

d o m e s t i c a t i o n  h a s  never  b e f o r e  s e e n  s p i n n e r  p o r p o i s e s  s o  c a s u a l  abou t  

b e i n g  c l o s e l y  approached,  and f e e l s  t h e y  could  c o n s t i t u t e  a remarkable  

a s s e t  t o  t h e  l o c a l  t o u r i s t  i n d u s t r y .  Regarding semi-domes t ica t ion  and 

t r a i n i n g  i n  t h e  w i l d ,  a s  h a s  been proposed f o r  r e s i d e n t  schoo ls  e l sewhere ,  

i t  would be  s imply a matter o f  a p p l y i n g  r o u t i n e  t r a i n i n g  t echn iques  t o  

e s t a b l i s h  a  "hold" over  them, and t h e n  p r o g r e s s  t o  such d i s p l a y s  a s  

jumping e n  masse on  sound s i g n a l ,  o r  f o l l o w i n g  a  p a r t i c u l a r  b o a t  i n  

jumping t r a i n s .  

Such an imals  cou ld  a l s o  be t r a i n e d  t o  a c c e p t  c o o r d i n a t i o n  and 

endurance r o u t i n e s  f o r  v a r i o u s  p h y s i o l o g i c a l  t e s t s  and o t h e r  s c i e n t i f i c  

a c t i v i t i e s .  Th i s  u s e  would n o t  n e c e s s a r i l y  i n t e r f e r e  w i t h  t h e  h y p o t h e t i c a l  

t o u r i s t  show. 

As i n d i c a t e d  above,  t h e r e  i s  a n  i n t i m a t e  r e l a t i o n s h i p  between a 

s h o r e l i n e  and c o n d i t i o n s  on  nearby l a n d  masses.  Land u s e  i s  r e f l e c t e d  

i n  t h e  n a t u r e  o f  t h e  f r e s h w a t e r  r u n o f f ,  which i n  t u r n  r e f l e c t s  on t h e  

mar ine  b i o t a  s u b j e c t e d  t o  i t .  For t h i s  r e a s o n ,  a s t u d y  was under taken  

o f  t h e  p r e s e n t  v e g e t a t i o n  t y p e s  on t h e  l a n d  sur rounding  Kealakekua Bay. 

F o u r t e e n  v e g e t a t i o n  types  ( F i g s .  38 through 40 ) were recognized  

and d e s c r i b e d  from Keawekaheka P o i n t  t o  Honaunau Bay. These range  from 

open l a v a  f lows t o  p a s t u r e l a n d  mixed w i t h  remnant n a t i v e  f o r e s t  t o  Kiawe 

f o r e s  t s  . 
Throughout t h e  r e g i o n  t h e  v e g e t a t i o n  predominant ly  c o n s i s t s  o f  

s p e c i e s  i n t r o d u c e d  t o  Hawaii s i n c e  t h e  t ime  o f  C a p t a i n  Cook. The o n l y  

p a r t  o f  t h e  r e g i o n  where p l a n t s  t h a t  were p r e s e n t  i n  Hawaii a t  t h e  t ime  

o f  Cook's a r r i v a l  a r e  a t  a l l  common i s  on t h e  open l a v a  flows on and 

mauka o f  Kaawaloa F l a t .  Also,  j u s t  mauka o f  t h e  c o f f e e  m i l l  and n o r t h  o f  



t h e  plumeria  p l a n t a t i o n ,  on a f a i r l y  open l a v a  flow, a r e  s eve ra l  t r e e s  of 

ohe makai (Reynoldsia sandwicensis) ,  a  r a r e  endemic t r e e .  This i s  

perhaps the  b o t a n i c a l l y  most i n t e r e s t i n g  p l a n t  now t o  be found i n  t he  

e n t i r e  r eg ion  surveyed. 

There appears  no compelling bo tan ica l  reason  f o r  preserv ing  t h e  

vege ta t ion  of t h e  a r e a  i n  i t s  p re sen t  s t a t e ,  bu t  i f  i n  connect ion wi th  

a r cheo log ica l  p r o j e c t s  i t  seems d e s i r a b l e  t o  r e - c r e a t e  an a r e a  a s  i t  

appeased i n  pre-Cook times, Kaawaloa F l a t  and Kaawaloa Vi l lage  would seem 

t h e  l o g i c a l  p l a c e  t o  do t h i s .  Some of the b o t a n i c a l l y  more i n t e r e s t i n g  

p l a n t s  p e r s i s t i n g  i n  t h i s  a r e a  a r e  l i s t e d  on Table 1 7  . Kaawaloa Vi l l age  

today i s  covered wi th  a  kiawe f o r e s t .  The kiawe was brought t o  Hawaii i n  

1828. I n  1778 Kaawaloa Vi l lage  probably contained mainly coconut t r e e s ,  

w i th  some kou (a few a r e  s t i l l  p r e sen t  near  Cook's Honument), milo and 

noni. 

Pua-pi lo (Capparis sandwichiana),  an  endemic shrub,  dominates some 

a reas  of  Kaawaloa F l a t .  I t  i s  more abundant he re  than has been observed 

anywhere e l s e  on the  major Hawaiian I s l a n d s .  Both shrub and p o s t r a t e  

forms were observed,  o f t e n  growing s i d e  by s i d e ,  This phenomenon has not  

been observed elsewhere. 

A r e c r e a t i o n  of the  pre-European scene has been undertaken a t  t he  

Ci ty  of Refuge w i t h  some success .  However, t h e  C i ty  of  Refuge p r o j e c t  has  

involved the  use  of  he rb i c ides ,  and cau t ion  should be exerc ised  whenever 

l a r g e  doses of  he rb i c ides  a r e  employed t o  avoid permanent buildups of  

r e s idues  i n  t he  s o i l ,  and e s p e c i a l l y  t o  avoid runoff  i n t o  Kealakekua Bay 

where s i g n i f i c a n t  eco log ica l  changes might occur .  Mechanical means of  

weed c o n t r o l  a r e  p r e f e r r e d  whenever f e a s i b l e .  



Chapter 1 

GEOLOGY 

(Physical  na tu re  of t h e  reg ion)  

Kealakekua Bay l i e s  (Fig. 1 )  on the  wes tern  s lope  of Mauna Loa, 

approximately 4-1/2 mi l e s  south of t he  edge of Huala la i  Volcano. Mauna 

Loa i s  an a c t i v e  volcano, which e rupted  l a s t  i n  1950, when t h r e e  l a v a  

flows descended the  western s lope  of t he  mountain and en tered  the  ocean. 

The northernmost of t h e  l ava  flows reached t h e  s e a  9 mi l e s  south of 

Kealakekua Bay. 

As i n d i c a t e d  by Figures  A and B of t he  F ron t i sp i ece ,  Kealakekua 

Bay i s  ha rd ly  a  landlocked harbor .  However, t h e r e  i s  adequate p r o t e c t i o n  

i n  t he  reg ion  of Napoopoo f o r  small  boa ts  a g a i n s t  moderate storms from 

d i f f e r e n t  d i r e c t i o n s ,  and during the  heav ie r ,  w in t e r  storms these  boa ts  

a r e  s a f e l y  moored a t  Kaawaloa Cove. 

The va r ious  maps and p r o f i l e s  included i n  t h i s  r e p o r t  were taken 

from Coast and Geodetic Survey Charts ,  U. S.  Geological Survey Charts ,  

Army Map Serv ice  Maps and from a e r i a l  photographs. The b a s i c  maps and 

c h a r t s  a r e  d iscussed  i n  t he  fol lowing chapter ,  and a r e  r e a d i l y  a v a i l a b l e  

from a v a r i e t y  of sources,  inc luding  Trans-Pac i f ic  Instrument  Company, 

1406 Colburn, Honolulu, and the  U. S .  Geological  Survey, 345 Middlef ield 

Road, Menlo Park,  Ca l i fo rn i a .  

Aer i a l  photographs a r e  p a r t i c u l a r l y  u s e f u l  i n  s t u d i e s  such a s  t h e  

p re sen t  one. Most of t h e  commercial Honolulu a e r i a l  photography concerns 

( l i s t e d  under Photographers-Aerial i n  t he  yel low pages) have s e t s  o r  

access  t o  s e t s  of  t hese  photographs, and they may be purchased from t h e  

Aer ia l  Photography Divis ion of  t he  Agr i cu l tu ra l  S t a b i l i z a t i o n  and 
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FIGURE 1. Outline of Kealakekua Bay and enbirons 

indicating its position in the Hawaiian chain. 



FIGURE 2 .  A c h a r t  of  Kealakekua Bay showing depth 

contours  i n  fathoms. Data der ived  from USC&GS c h a r t  4123 

(1967).  Contour l i n e s  approximated from soundings. 



FIGURE 3 .  A schematic c h a r t  of Kealakekua Bay showing 

dominant bottom types t o  depths of approximately 100 f e e t .  Four 

general  zones a r e  noted.  The a r e a  of Cook Poin t  i s  t y p i f i e d  by a 

narrow b a s a l t  s h e l f  extending ou t  t o  a s h e l f  of dense c o r a l  which 

drops o f f  sharp ly .  Only small  pockets of sand a r e  found i n  t h i s  

reg ion .  The inshore  zone a t  t h e  base of the  p a l i  i s  t y p i f i e d  by 

a narrow band of b a s a l t i c  boulders  and f i n g e r s  of  c o r a l  on a hard 

base i n t e r s p e r s e d  wi th  pa tches  of sand. I n  the  a r e a  of  Napoopoo 

v i l l a g e  i s  an ex tens ive  sand patch.  It  runs outward and spreads 

both no r th  and south from a b lack  sand beach j u s t  no r th  of Hikiau 

Heiau. The reg ion  from Manini Beach t o  Palemano Po in t  c o n s i s t s  of 

a b a s a l t i c  s h e l f  o f  vary ing  widths wi th  ex t ens ive  c o r a l  growth 

i n t e r s p e r s e d  wi th  l a r g e  pa tches  of sand. This c h a r t  merely se rves  

t o  i n d i c a t e  genera l  zones of bottom type r a t h e r  than  s p e c i f y  exac t  

boundaries of t hese  a r e a s .  
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FIGURE 4.  Profile of Kealakekua Bay with the 

place names used in this survey. 



Conservation Serv ice ,  U .  S .  D .  A . ,  2505 Pa r l ey ' s  Way, S a l t  Lake Ci ty ,  

Utah. Aer i a l  photographs of va r ious  s p e c i f i c a t i o n s  a r e  a l s o  f i l e d  by t h e  

Land Study Bureau, Univers i ty  of Hawaii, and by the  Earth Sciences 

Department, Hawaii I n s t i t u t e  of  Geophysics, Univers i ty  of Hawaii. Figures  

A and B of t he  F ron t i sp i ece  were a t t a i n e d  from t h i s  l a s t  source ,  and a r e  

publ i shed  through the  cour tesy  of D r .  Agatin T.  Abbott. 

The western s lope  of Mauna Loa c o n s i s t s  of innumerable t h i n  flows 

of b a s a l t  l ava .  North of t he  northernmost flow of 1950 a l l  of t he  lavas  

a r e  p r e h i s t o r i c ,  though they a r e  of  Recent geologic  age. Both pahoehoe 

and aa types a r e  p re sen t .  The aa  flows have rough c l inke ry  s u r f a c e s ,  and 

o f t e n  c l i n k e r y  bottoms, w i th  r e l a t i v e l y  dense massive c e n t r a l  po r t ions .  

The pahoehoe flows have smooth, bi l lowy o r  wrinkled ("ropy") s u r f a c e s ,  

They commonly conta in  l ava  tubes ,  which a r e  t he  open p i p e - l i k e  channelways 

through which l i q u i d  l ava  moved t o  feed the  f r o n t  of t he  flow when i t  was 

a c t i v e .  A t  t he  end of t h e  e rup t ion  a  decrease i n  the supply commonly 

al lows the  l i q u i d  t o  d r a i n  ou t  of t he  channelway, l eav ing  t h e  p i p e - l i k e  

tube open. The lava  flows formed l a y e r s  genera l ly  between 5 and 20 f e e t  

t h i c k  which s lope  seaward over most of  t he  western f l ank  of  t h e  volcano a t  

an ang le  of about 10" from the  h o r i z o n t a l .  

Near 'sea l e v e l  t he  wes tern  s lope  of Mauna Loa i s  broken by seve ra l  

f a u l t s ,  on which the  po r t ion  of  t he  volcano seaward of the  f a u l t  has  moved 

downward r e l a t i v e  t o  t h a t  on the  landward s i d e .  The f a u l t s  a r e  not  s i n g l e  

f r a c t u r e s ,  bu t  groups of s u b p a r a l l e l  f r a c t u r e s  known a s  f a u l t  systems. 

Two f a u l t  systems a f f e c t  t he  a r e a  near  Kealakekua Bay. The Kaholo f a u l t  

system l i e s  c l o s e  t o  the s h o r e l i n e  from a p o i n t  j u s t  south  of Honaunau 

southward f o r  15 mi l e s  o r  more, t o  t he  v i c i n i t y  of M i l o l i i .  O f f s e t  on the  

produced a seaward-facing c l i f f  ( f a u l t  scarp)  t h a t  l i e s  1 /4  t o  1 /2  mi l e  
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i n l a n d  from t h e  s h o r e l i n e .  I t  h a s  been mant led  by l a v a  f lows from t h e  

upper  s l o p e  o f  Mauna Loa. The c a s c a d e s  and d r a p e r i e s  o f  l a v a  a l o n g  t h e  

b u r i e d  f a u l t  s c a r p  a r e  w e l l  d i s p l a y e d  j u s t  s o u t h  o f  t h e  a n c i e n t  C i t y  of  

Refuge a t  Honaunau. The C i t y  o f  Refuge i t s e l f  l i e s  on a c o a s t a l  f l a t  

b u i l t  by a  pahoehoe l a v a  f low t h a t  s p r e a d  o u t  below t h e  s c a r p .  

The Kealakekua f a u l t  sys tem i s  a  s e r i e s  o f  f a u l t s  t h a t  t r e n d  

s o u t h e a s t w a r d  a l o n g  t h e  n o r t h e a s t e r n  s i d e  o f  Kealakekua Bay. One of  t h e  

f a u l t s  e x t e n d s  west -nor thwestward b e n e a t h  t h e  ocean.  Movement on i t  

produced t h e  e a r t h q u a k e  t h a t  caused  e x t e n s i v e  damage i n  Kona i n  August, 

1951.  Another f a u l t  e x t e n d s  nor thwestward from t h e  head of  t h e  bay ,  and 

i s  r e s p o n s i b l e  f o r  t h e  s t e e p  escarpment  a t  t h e  i n l a n d  edge o f  t h e  f l a t  

a r e a  j u s t  n o r t h  of  t h e  bay on which t h e  v i l l a g e  o f  Kaawaloa f o r m e r l y  was 

l o c a t e d ,  and on which t h e  Cook Monument now s t a n d s .  North o f  t h e  bay t h e  

f a u l t  s c a r p  h a s  been b u r i e d  by l a t e r  l a v a  f lows ,  and t h e s e  f lows ,  s p r e a d i n g  

o u t  beyond t h e  s c a r p ,  b u i l t  t h e  f l a t ,  which t e r m i n a t e s  a t  Keawakaheka 

P o i n t .  

The same f a u l t  formed t h e  s c a r p  a t  t h e  n o r t h w e s t e r n  edge o f  

Kealakekua Bay. There t h e  s c a r p  h a s  n o t  been b u r i e d  by l a v a  f lows ,  and 

h a s  been o n l y  s l i g h t l y  trimmed back by wave and s u b a e r i a l  e r o s i o n ,  I n  i t  

t h e r e  a r e  exposed t h e  edges  o f  many t h i n  l a v a  f lows t h a t  a r e  o l d e r  than  

t h e  f a u l t  s c a r p .  The pahoehoe f lows  c o n t a i n  l a v a  t u b e s ,  c l e a r l y  v i s i b l e  

i n  t h e  c l i f f ,  some o f  which were  used a s  b u r i a l  s i t e s  i n  p r e h i s t o r i c  and 

e a r l y  h i s t o r i c  t i m e s .  Near t h e  b a s e  o f  t h e  c l i f f  i s  a l a y e r  o f  y e l l o w i s h  

v o l c a n i c  a s h ,  6 t o  20 i n c h e s  t h i c k .  The l a v a s  benea th  t h i s  a s h  bed a r e  

t h e  o n l y  ones  i n  t h e  a r e a  t h a t  may be  o l d e r  t h a n  Recent i n  g e o l o g i c  age .  

They may p o s s i b l y  be o f  l a t e  P l e i s t o c e n e  age .  



The f a u l t s  o f  t h e  Kealakekua system ex tend  sou theas tward  from t h e  

head o f  t h e  bay f o r  abou t  3 m i l e s ,  t h e n  bend southward and d i s a p p e a r  

benea th  younger l a v a  f lows,  a l though  t h e  abnormal ly  s t e e p  s l o p e  i n d i c a t e s  

t h a t  t h e y  p r o b a b l y  c o n t i n u e  southward benea th  t h e  l a v a  cover  f o r  a t  l e a s t  

4 m i l e s  more. Lava flows moving downslope o v e r  t h e  f a u l t  s c a r p  have s p r e a d  

o u t  beyond i t  t o  form t h e  broad g e n t l y - s l o p i n g  apron  t h a t  b o r d e r s  t h e  

c o a s t  between Kealakekua Bay and Honaunau. The Keei B a t t l e f i e l d  i s  

l o c a t e d  on  t h i s  f l a t .  

Three  m i l e s  n o r t h  o f  Kealakekua Bay, a t  t h e  c o a s t ,  Puu Ohau i s  a  

smal l  c i n d e r  cone p robab ly  formed by steam e x p l o s i o n s  where a  lava f low 

e n t e r e d  t h e  s e a .  

The o n l y  h i s t o r i c  e r u p t i o n  w i t h i n  t h e  a r e a  took p l a c e  benea th  t h e  

ocean i n  1877. A t  t h a t  t ime (February 24, 1877) steam and f ragments  o f  

l a v a  r o s e  a l o n g  a w e s t - n o r t h w e s t - t r e n d i n g  f i s s u r e  i n  Kealakekua Bay and 

f o r  a  m i l e  o r  s o  f a r t h e r  o u t  t o  s e a .  A c o n t i n u a t i o n  o f  t h e  c r a c k  i s  s a i d  

(H. M. Whitney, 1877) t o  have extended i n l a n d  n e a r l y  3 m i l e s ,  and c louds  

o f  s team and smoke i s s u e d  from t h e  f i s s u r e  e i t h e r  i n  t h a t  a r e a  o r  f a r t h e r  

up t h e  mounta ins ide  ( W e s t e r v e l t ,  1916) .  The e r u p t i o n  was preceded by a  

s e v e r e  ea r thquake .  



Chapter  2 

CURRENTS 

Measurements of  t h e  c u r r e n t  system i n  Kealakekua Bay were 

undertaken on two occas ions .  On 27-X-68, t he  cu r r en t  du r ing  a  f a l l i n g  

t i d e  was measured, and s i x  days l a t e r  t he  measurements were repea ted  i n  

a  r i s i n g  t i d e .  

Only movement i n  t he  upper meter of  water  was measured. The 

wind was e a s t e r l y ,  and absen t  t o  moderate.  Wind r e s i s t a n c e ,  however, 

was no t  determined. 

Eleven c u r r e n t  meters  of  a  modif ied Drogue-buoy des ign  were con- 

s t r u c t e d  and t e s t e d  i n  t he  f i e l d .  They cons i s t ed  of  p a r t i a l l y  sub- 

merged aluminum f l o a t s  suppor t ing  a  wooden "x" frame. The frame was 

hung a t  a  depth of one meter ,  he ld  v e r t i c a l  by b a s a l t  weights ,  and 

was made of four  10-by-10-inch-square boards n a i l e d  t o  a  c e n t e r  post  

a t  r i g h t  angles  wi th  one ano the r .  

The c u r r e n t  o u t s i d e  o f  t he  bay was sou the r ly  a t  a l l  t imes ,  and 

was s t r o n g  (500 mlhr ) .  Local fishermen ind i ca t ed  t h a t  du r ing  most of 

t h e  year  the  c u r r e n t  o u t s i d e  t h e  bay remains sou the r ly .  Along the  

per iphery  o f  the  bay, movement i n  t he  upper meter drops t o  50 m/hr,  

which i s  a  d i f f e r e n c e  from beyond the  bay of one o rde r  of  magnitude. 

During a  f a l l i n g  t i d e  (Fig.  5 ) t he  cu r r en t  through t h e  bay 

remains gene ra l l y  sou the r ly .  The movement a long the  shore  i s  from 

Kaawaloa Cove toward Napoopoo. Manini Beach Pointi1 a c t s  t o  fork  t h e  

Ll Manini Beach Point  (Fig.  4 ) i s  t h e  name l o c a l  r e s i d e n t s  g ive  
t h i s  low, rock promontory. I t s  n o r t h  f ace  is labe led  Manini Beach on 
USGS map 5106 (1959). 
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F I G U R E  5. Movement o f  t h e  upper  m e t e r  o f  w a t e r  d u r i n g  

a f a l l i n g  t i d e .  The l e n g t h  o f  t h e  ar rows i s  p r o p o r t i o n a l  w i t h  

t h e  speed o f  t h e  c u r r e n t ,  and t h e  numbers r e f e r  t o  m e t e r s  p e r  

hour  a s  measured i n  d i f f e r e n t  p a r t s  o f  t h e  bay. 
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water  mass i n t o  wes t e r ly  and e a s t e r l y  d i r e c t i o n s .  D i r e c t l y  o f f  t he  

p o i n t  movement i s  n i l ,  but water  approaching a long  the  bay s i d e  of 

t he  poin t  i s  d i r e c t e d  eastward toward Napoopoo. The cu r ren t  meters  

then beach a long  the s t r i p  of  land from Manini Beach t o  t h e  S t a t e  

dock. The cu r ren t  meters  d i r e c t e d  west around Manini Beach Point  a r e  

3 / e i t h e r  c a r r i e d  around Palemano Point2' anywhere from Ashihara ' s  cot tage-  

/ t o  south of Manago's cottage- . 
Movement dur ing  a  r i s i n g  t i d e  (Fig.  6  ) i s  s t r i k i n g l y  d i f f e r e n t .  

Manini Beach Point  cont inues t o  d iv ide  the  cu r r en t  toward Napoopoo o r  

toward Palemano Po in t ,  b u t  now two broad c i r c u l a r  p a t t e r n s  of water  

movement a r e  e s t ab l i shed .  Palemano Point  d i r e c t s  water  back a long  the  

sho re l ine  toward Manini Beach Po in t ,  where i t  flows o f f sho re  and south-  

ward aga in  toward Palemano Poin t .  

A s i m i l a r  s i t u a t i o n  occurs  between Napoopoo and Kaawaloa Cove. 

The movement i s  westward a long  the  f a c e  of t he  p a l i ,  from Napoopoo 

towards Cook's Monument. The cu r ren t  meters  a r e  then d i r e c t e d  toward 

Cook Point  and swept aga in  southward, back toward Napoopoo. 

Hence i n  a  f a l l i n g  t i d e  the  upper meter of water  moves eastward 

a long  the  p a l i  f ace ,  and i n  a r i s i n g  t i d e  the  d i r e c t i o n  i s  westward. 

L1 Palemano Point (Fig.  4 ) i s  known a s  Keei Point  by l o c a l  
r e s i d e n t s ,  and i t s  no r th  face  as Keei Beach. USGS map 5106 (1959) 
a l s o  l a b e l s  t he  nor th  face  Keei Beach, and the  genera l  reg ion ,  Keei. 
However, USC&GS cha r t  4123 (1967) i n d i c a t e s  Keei i s  t h e  reg ion  of 
Manini Beach Point .  

1.1 Extensive use a s  landmarks i s  made i n  t h i s  r e p o r t  o f  Ash iha ra ' s  
co t t age  and Manago's co t t age  (F ig .  4 1. The former i s  a  p r i v a t e  r e s i -  
dence owned by T. Ashihara of Kealakekua, and the  l a t t e r  i s  a  r e n t a l  
u n i t  maintained by Manago Hote l ,  Captain Cook. 
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FIGURE 6. Movement of  t h e  upper  mete r  o f  

w a t e r  d u r i n g  a r i s i n g  t i d e .  



I n  d i scuss ing  these  r e s u l t s  wi th  l o c a l  fishermen, i t  was r e c a l l e d  t h a t  

s e v e r a l  yea r s  ago a  house f l o a t e d  i n t o  the  bay a t  Napoopoo, and t h a t  

morning was c a r r i e d  a long  t h e  f ace  of the  p a l i  t o  Cook's Monument i n  

Kaawaloa Cove. In t he  a f t e rnoon ,  however, i t  began f l o a t i n g  i n  t he  

oppos i te  d i r e c t i o n ,  and t h a t  evening beached a t  Napoopoo near  where i t  

had o r i g i n a l l y  washed i n t o  the  bay. 

Owing t o  a  poss ib l e  s h e l t e r e d  condi t ion  t h a t  e x i s t s  i n  p a r t s  of  

Kealakekua Bay, p a r t i c u l a r l y  i n  Kaawaloa Cove, and t o  t h e  slowness 

and r eve r s ing  na tu re  of t he  c u r r e n t s  i n  these  a r e a s ,  i t  was considered 

unfor tuna te  t h a t  r e f i n e d  s t u d i e s  could not a t  t h i s  time be undertaken 

t o  gauge f lu sh ing  times f o r  the  va r ious  p a r t s  of the  bay. The s tudy 

completed, however, does appear t o  emphasize a  s h e l t e r e d  cond i t i on  

of  t h e  bay, p a r t i c u l a r l y  i n  regard t o  the nor thern  reaches.  



Chapter  3 

BRACKISH WATERS 

The s h o r e l i n e  from Keawekaheka P o i n t  t o  Loa P o i n t ,  one m i l e  s o u t h  

o f  Honaunau Bay, was surveyed f o r  b r a c k i s h  wate r .  T e s t i n g  was o f  s a l i n i t y  

a s  shown on a  hand r e f r a c t o m e t e r ,  Powered t empera tu re  and r e f r a c t i v e  

d i s t u r b a n c e  i n  t h e  wa te r  a s  no ted  w i t h  a  view box o r  f a c e  mask. There 

had been no r a i n  f o r  s e v e r a l  weeks p r i o r  t o  sampling,  and most o f  t h e  

sampl ing was done near  ebb t i d e  when t h e  f r e s h w a t e r  l e n s e s ,  o r  l a y e r s  o f  

f r e s h  w a t e r  on top  o f  t h e  su r rounding  s e a  wa te r ,  a r e  a t  a  maximum. No 

s t r e a m s  empty i n t o  Kealakekua Bay. 

"Brackish water"  i n  t h i s  c h a p t e r  r e f e r s  s p e c i f i c a l l y  t o  p e r c o l a t i o n  

i n t o  t h e  bay o f  runof f  w a t e r  from t h e  su r rounding  l and  masses ;  i t s  volume 

r e f l e c t s  t h e  wa te r  t a b l e .  The h i g h e r  ground sur rounding  Kealakekua Bay 

r e c e i v e s  much more r a i n f a l l  t h a n  does t h e  bay i t s e l f .  

The e n t i r e  p e r i p h e r y  o f  Kealakekua Bay w a s  surveyed f o r  b r a c k i s h  

w a t e r  by f o o t ,  save  i m p a s s i b l e  a r e a s  which were swum. However, t h e  

r e g i o n s  n o r t h  o f  Cook P o i n t  and s o u t h  o f  Palemano P o i n t  were g e n e r a l l y  

sampled e x c l u s i v e l y  by b o a t .  I t  was f e l t  t h a t  due t o  t h e  extreme exposure  

o f  t h e s e  a r e a s ,  some b r a c k i s h  s p o t s  p robab ly  e x i s t  which were n o t  d e t e c t a b l e  

by t h e  methods used i n  t h i s  su rvey .  

A t o t a l  o f  29 d i s c r e t e  b r a c k i s h  s t a t i o n s  ( F i g .  7 ) were l o c a t e d  

and p l o t t e d ,  and 22 of t h e s e  s t a t i o n s  a r e  c o n c e n t r a t e d  w i t h i n  t h e  c o n f i n e s  

o f  Kealakekua Bay. 

The m a j o r i t y  of s t a t i o n s  were sampled o f  s e v e r a l  o c c a s i o n s ,  a t  

v a r i o u s  t i d e  h e i g h t s ,  and w i t h  r e s u l t s  (Table  1 ) o f t e n  d i s s i m i l a r  due t o  
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FIGURE 7. Areas i n  which brackish  water i s  concent ra ted .  



TABLE 1. Brackish water  c h a r a c t e r i s t i c s .  

S ta -  Time Tide Descr ip t ion  Sa l in -  O C  Standard Mpn Mpn ~ g - 4 1  g ~ g - a t / l  p g / l  
t i o n  i t y  p l a t e  c o l i -  f e c a l  n i t r a t e  n i -  phos- phos- 
no. (PP t )  count form c o l i -  t r a t e  pha te  pha te  

per  m l  per  form per  
100 m l  100 m l  

1 26-X-68 10 m o u t ,  32.0 
s u r f  ace 

shore,  24.0 
1115 # ,6  su r f ace  

18-X-68 r i s i n g  
2 shore ,  10 32 .O 

m no r th  

shore ,  10 33.0 
m south 

0900 +1.5 shore ,  26.0 27.5 1,200 700 700 
29-X-68 r i s i n g  su r f ace  

6-VI-68 shore,  17.3 24.70 345.74 1.43 44.42 
su r f  ace 

3 
bottom, 34.0 2.48 34.69 0.21 6.42 
1 m depth 

6-VI-68 1 m depth 5.0 35.44 496.14 2.80 86.88 

4 1600 +0.3 shore ,  16.0 24.0 
27-X-68 ebb su r f ace  W 

0 3  



TABLE 1 (con t inued)  

S t a -  Time Tide D e s c r i p t i o n  S a l i n -  " C  Standard  Mpn Mpn ~ g - a t / l  g  ~ g - a t / l  ~ g / l  
t i o n  i t y  p l a t e  c o l i -  f e c a l  n i t r a t e  n i -  phos- phos- 
no. ( P P ~ )  coun t  form c o l i -  t r a t e  p h a t e  p h a t e  

p e r  m l  p e r  form p e r  
100 m l  100 m l  

4  10 m o u t ,  21.0 26.0 
s u r f a c e  

10 m o u t ,  34.0 27.0 
bottom 

30 m o u t ,  28.0 26.5 
s u r f a c e  

0900 f 1 . 5  s h o r e ,  22.0 26.0 520 2 ,400f  2,400-f- 
29-X-68 r i s i n g  s u r f a c e  

s h o r e ,  30.0  27.0 230 2,400-k Negat ive  
1 0  m e a s t  

20 m o u t ,  32.0 27.5 5  0  240 62 
1 / 4  m dep th  

20 m o u t ,  34.5 28.0 
1 rn dep th  

-- - -  

12-X-68 s h o r e ,  24.7 17 .24  243.32 1.27 39.25 
s u r f a c e  

bottom, 25.9 3.75 52.50 0.31 9 .61 

5 I m d e p t h  
1000 +2.1 s h o r e ,  32.0 28.0 

28-X-68 f l o o d  s u r f a c e  

10 m o u t ,  32 .O 28 .O 
s u r f a c e  

10 m o u t ,  34.0 28.0 w 
1 / 2  m dep th  \D 



TABLE 1 (cont inued)  
- 

Sta-  Time Tide Descr ip t ion  Sa l in -  "C Standard Mpn Mpn p g - a t / l  P p g - a t / l  ~ g / l  
t i o n  i t y  p l a t e  c o l i -  f e c a l  n i t r a t e  n i -  phos- phos- 
no. ( P P ~ )  count form c o l i -  t r a t e  pha te  pha te  

per  m l  per  form per  
100 m l  100 m l  

5  0900 +1.5 shore,  34.5 28.0 290 Nega- Nega- 
29-X-68 r i s i n g  su r f ace  t i v e  t i v e  

12-VI-68 shore ,  10.5 2.25 31.56 0.34 10.60 
su r f ace  

bottom, 27.2 4.37 61.12 0.26 7 $91  

6 1 m depth 

1750 i-0.2 shore,  26.0 27.0 
28-X-68 ebb 3 m e a s t  

su r f ace  7.4 1.99 27.85 4.86 150.57 
7 13-VI-68 112 m 6.2 1.69 23.67 2.63 81.47 

depth 

13-VI-68 shore ,  21.0 3.15 44.09 0.46 14.32 
s u r f a c e  

bottom, 36.8 2.45 34.31 0.22 6.67 
8 1.5 m depth 

f0.2 shore ,  
1750 ebb su r f ace  

28-X-68 

1750 f0 .2  shore ,  2.0 21.0 
28-X-68 ebb su r f ace  

0800 +1.3 shore ,  20.0 24.5 2,700 2,400+ 2,400+ 
29-X-68 r i s i n g  su r f ace  

1630 +0.5 shore ,  4.0 22.0 
28-X-68 f a l l i n g  su r f ace  

0800 +1.3 shore,  30.5 26.5 120 Nega- Nega- c 
0 

29-X-68 r i s i n g  su r f ace  t i ve  t i v e  



TABLE 1 (cont inued)  , 

S t a -  Time Tide Descr ip t ion  Sa l in -  " C  Standard Mpn MPn ~ g - a t / l  g ~ g - a t / l  ~ g / l  
t i o n  i t y  p l a t e  c o l i -  f e c a l  n i t r a t e  n i -  phos- phos- 
no. ( P P ~ )  count form c o l i -  t r a t e p h a t e  phate  

p e r m 1  per  form pe r  
100 m l  100 m l  

13-VI-68 su r f ace  22.2 32.82 459.45 1.32 40.98 

bottom 40.7 1.59 22.32 0.18 5.43 

11 1600 +-0.5 su r f ace  24.0 25.5 

28-X-68 1.3 m depth 28.0 27.0 
0830 +1.4 su r f ace  30.0 26.5 10 1 3  6 

29-X-68 r i s i n g  

1700 +0.3 shore,  14.0 
12 28-X-68 ebb su r f  ace 

shore,  20.0 
10 m south 

1700 i-0.3 shore ,  3.0 
13  28-X-68 ebb su r f ace  

shore ,  18.0 
10 m south 

1700 +0.3 shore ,  2.0 
28-X-68 ebb su r f ace  

shore ,  15.0 
10 m nor th  

14 shore ,  22 .O 
10 m south 

0800 +1.3 shore,  25,O 26.5 100 Nega- Nega- 
29-X-68 r i s i n g  su r f ace  t i v e  t ive  

1700 +0.3 shore,  8.0 
28-X-68 ebb su r f  ace 

15 shore,  18.0 
10 m nor th  
shore,  26.0 C- 

F 

10 m south 



TABLE 1 (cont inued)  

S ta-  Time Tide Descr ip t ion  Sa l in -  "C Standard Mpn Mpn ~ g - a t / l  g  ~ g - a t / l  ~ g / l  
t i o n  i t y  p l a t e  c o l i -  f e c a l  n i t r a t e  n i -  phos- phos- 
no. ( P P ~ )  count form c o l i -  t r a t e  phate  phate  

per  m l  per  form per  
100 m l  100 m i  

1700 +0.3 shore ,  10.0 
28-X-68 ebb su r f ace  

16 shore,  24.0 
10 m nor th  
shore ,  22.0 
10 rn south 

1700 +0.3 shore ,  14.0 
28-X-68 ebb su r f ace  

l7 0800 +1.3 shore,  25.0 26.5 30 210 Nega- 
29-X-68 r i s i n g  su r f ace  t i v e  

1630 H . 5  shore ,  3.0 20.0 
28-X-68 f a l l i n g  su r f ace  
0730 +1.2 shore ,  8.5 23.0 400 2,400-i- 23 
29-X-68 r i s i n g  s u r f a c e  

19 1600 +O. 5  shore ,  22.0 26.5 
28-X-68 f a l l i n g  su r f ace  

13-VI-68 shore,  17.3 22.81 319.30 1.70 52.58 
su r f ace  
bottom, 24.1 4.84 67.76 0.57 17.52 
1 m depth 

09 30 H.7 50 m ou t ,  34.0 27.5 
20 27-X-68 r i s i n g  su r f ace  

50 m o u t ,  
bottom (1.5m) 34.5 28.0 

0730 +1.2 shore,  18.0 23.0 90 700 6  2 
29-X-68 r i s i n g  su r f ace  
1815 +0.3 shore ,  6.5 21.5 
29-X-68 ebb su r f ace  .P 

N 



TABLE 1 (con t inued)  

- 

S t a -  Time T ide  D e s c r i p t i o n  S a l i n -  O C  Standard  Mpn Mpn p g - a t / l  g  ~ g - a t / l  ~ g / l  
t i o n  i t y  p l a t e  c o l i -  f e c a l  n i t r a t e  n i -  phos- phos- 
no. ( P P ~ )  coun t  form c o l i -  t r a t e  p h a t e  p h a t e  

p e r  m l  p e r  form p e r  
100 m l  100 m l  

13-VI-68 s h o r e ,  8 . 6  23.20 324.86 0 .83  25.67 
s u r f a c e  
bottom, 21.6 1 . 2 6  17.64 0.49 15.07 
1 m d e p t h  

1500 +1.0 s h o r e ,  8 .0  22.0 
28-X-68 f a l l i n g  s u r f a c e  

10 m o u t ,  22.0 26.0 
s u r f a c e  
10  m o u t ,  32.0 28.0 
1 m dep th  
20 m o u t ,  28.0 26.5 
s u r f  a c e  

0715 +1.1 s h o r e ,  23.0 24.0 20 Nega- Nega- - 
29-X-68 r i s i n g  s u r f a c e  t i v e  t i v e  

0900 f 0 . 5  s h o r e ,  4.0 19.5  
18-X-68 ebb s u r f a c e  

2  m o u t ,  14.0 23.0 
s u r f a c e  

2  2  s h o r e ,  32.5 26.5 
5  m s o u t h  

1000 -I-2.1 s h o r e ,  32.5 27.0 
28-X-68 f l o o d  s u r f a c e  
0700 +1.1 s h o r e ,  19.5 22.5 70 2  40 6  
29-X-68 r i s i n g  s u r f a c e  
0630 +1.0 s h o r e .  28.0 24.0 110 240 6  

23 29-X-68 r i s i n g  s u r f a c e  
10 m o u t ,  28.5 26.0 
114 m d e p t h  

0650 +1.0 s h o r e ,  24.0 
f a l l i n g  s u r f a c e  

s h o r e ,  32.0 C- 

24 5  m n o r t h  W 

s h o r e ,  33.0 
5  m s o u t h  



TABLE 1 (con t inued)  

100 m l  100 m l  

1300 +l. 7  i n t e r t i d a l  5 . 0  
28-X-68 f a l l i n g  pool  

2  5  s u r f  34.5 
0600 +1.0 i n t e r t i d a l  23.0 23.0 780 2  3  Negat ive  
29-X-68 r i s i n g  pool  

0610 +1.0 s u r f a c e ,  10.0 
20-X-68 f a l l i n g  s h o r e  

s h o r e ,  34.0 
30 m n o r t h  
s h o r e ,  24.0 

S t a -  Time Tide D e s c r i p t i o n  S a l i n -  O C  Standard Mpn Mpn ~ g - a t / l  g  ~ g - a t / l  ~ g / l  
t i o n  i t y  p l a t e  c o l i -  f e c a l  n i t r a t e  n i -  phos- phos- 
no.  (PP t )  count  form c o l i -  t r a t e  p h a t e  p h a t e  

p e r  m l  p e r  form p e r  

2 6  10 m s o u t h  
1000 +2.0 s h o r e ,  28.0 21.0 
26-X-68 f a l l i n g  s u r f a c e  

20 m o u t  33.0 27.5  
1845 4-0.2 s h o r e ,  3.0 20.5 
29-X-68 ebb s u r f a c e  

30 m o u t ,  22.5 25.5 
112 m dep th  

0610 +1.0 s h o r e ,  10.0 
20-X-68 f a l l i n g  s u r f a c e  

,. - s h o r e ,  30.0 
L / 15 m n o r t h  

1000 4-2.0 s h o r e ,  32.0 27.0 
26-X-68 f a l l i n g  s u r f a c e  
1100 f 2 . 0  mean r e a d i n g ,  34.0 28.0 
29-X-68 f l o o d  bay s u r f a c e  

2  8  mean r e a d i n g ,  34.5 28.0 
1 m dep th  

1100 +1.7 s h o r e ,  30.0 27.0 
28-X-68 f a l l i n g  s u r f a c e  

2 9  50 m o u t ,  33.0 28.0 c C 
s u r f a c e  
100 m o u t ,  34.0 28.0 
s u r f a c e  
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t h e  t i d e  h e i g h t .  Samples were t aken  f o r  s a l i n i t y ,  t empera tu re ,  t o t a l  

phospha te  c o n t e n t ,  t o t a l  n i t r a t e  c o n t e n t ,  d i s s o l v e d  o r g a n i c  m a t t e r ,  

c o l i f o r m  count  and f e c a l  c o l i f o r m  count .  The samples were o f  bo th  

s u r f a c e  and d e p t h ,  u s u a l l y  t a k e n  from a  v a r i e t y  o f  p o i n t s  a t  t h e  s t a t i o n .  

I n  t h e  c a s e  o f  b a c t e r i a l  sampling,  t h e  samples were t aken  by 

n e c e s s i t y  i n  a  r a t h e r  h i g h ,  r i s i n g  t i d e .  They were  a t  once packed i n  i c e  

and t h a t  morning flown t o  t h e  Department o f  H e a l t h  i n  Honolulu f o r  a n a l y s i s .  

The phospha te ,  n i t r a t e ,  c o l i f o r m  and f e c a l  c o l i f o r m  l e v e l s  a t  t h e  

b rack i sh-wate r  s t a t i o n s  i n  Kealakekua Bay were compared w i t h  t h e  S t a t e  o f  

Hawaii p u b l i c  h e a l t h  s t a n d a r d s  r e g a r d i n g  w a t e r  q u a l i t y  ( P u b l i c  Hea l th  

R e g u l a t i o n s ,  Chapter  37-A). The e n t i r e  bay mee t s  t h e  s t a n d a r d s  f o r  "AA 

Water" save  f o r  Kaawaloa Cove, which meets  t h e  s t a n d a r d  f o r  "A Water,"  

and t h e  a r e a  f r o n t i n g  t h e  S t a t e  dock a t  Napoopoo, which a l s o  meets  t h e  

s t a n d a r d s  f o r  "A Water . I t  

AA Water i s  p r i s t i n e ,  c h a r a c t e r i s t i c  o f  a  w i l d e r n e s s  r e g i o n .  A 

Water i s  l e s s  s o ,  b u t  i s  r egarded  a s  comple te ly  s u i t a b l e  f o r  swimming and 

r e c r e a t i o n a l  use .  Some v a l u e s  o b t a i n e d  were o u t s i d e  t h e  A Water range ,  

b u t  i t  was thought  w i t h  f u r t h e r  r e p l i c a t i o n s  t h e  v a l u e s  would be harmonized. 

I n  g e n e r a l ,  s u f f i c i e n t  r e p l i c a t e s  were n o t  p o s s i b l e  t o  make more t h a n  

p r e l i m i n a r y  c o n c l u s i o n s  abou t  t h e  n a t u r e  and c o n s t i t u e n t s  o f  t h e  b r a c k i s h  

wate r .  

The volume o f  f r e s h  w a t e r  p e r c o l a t i n g  i n t o  Kealakekua Bay i s  

c o n s i d e r a b l e ,  and a l t h o u g h  no r e g i o n  of t h e  s h o r e  i s  comple te ly  f r e e  o f  

b r a c k i s h  w a t e r ,  seepage  w a s  n o t  d e t e c t e d  i n  f r o n t  o f  t h e  h i g h e s t  p o r t i o n  

o f  t h e  p a l i  and a l o n g  t h e  n o r t h  s h o r e  o f  Palemano P o i n t .  

The a r e a s  o f  maximum p e r c o l a t i o n  a r e  f o u r  i n  number and a r e  t a k e n  

up below i n  s e r i a l  o r d e r .  They a r e  by U m i ' s  Well i n  Kaawaloa Cove ( S t a .  4 ) ,  



t h e  g r a v e l l y  beach a r e a  f r o n t e d  by p r i v a t e  homes f a c i n g  t h e  S t a t e  dock 

( S t a s .  12-17) ,  Kahauloa Cove (S ta .  21) and a n  i n l e t  by T .  A s h i h a r a ' s  

c o t t a g e  ( S t a .  2 2 ) .  These f i r s t  t h r e e  s t a t i o n s  a r e  i n  compara t ive ly  

s h e l t e r e d  a r e a s  where d i f f u s i o n  o f  t h e  f r e s h  w a t e r  i s  slow, and where 

s u r f a c e  l a y e r s  s e v e r a l  f e e t  i n  t h i c k n e s s  o f  b r a c k i s h  w a t e r  a r e  p r e s e n t  a 

m a j o r i t y  o f  t h e  t ime .  The f o u r t h  s t a t i o n  i s  exposed and b r a c k i s h  w a t e r  

i s  s c a r c e l y  d e t e c t a b l e  a t  h i g h  t i d e .  

S t a t i o n  1. Caves o f f  Keawekaheka P o i n t .  R e f r a c t i v e  t u r b u l e n c e  

w i t h  a  g lass -bo t tom view box w a s  no ted .  

S t a t i o n  2 .  Located j u s t  west  o f  t h e  end o f  t h e  jeep road  t o  

Kaawaloa F l a t .  A d r y  c r e e k  bed covered w i t h  B a t i s  weed a b u t s  t h e  s t a t i o n .  

The l e n s  i s  l o c a l i z e d .  

S t a t i o n  3.  Cook's Monument l a n d i n g .  The l e n s  i s  n o t  e x t e n s i v e .  

S t a t i o n  4. Off Umi's Well i n  Kaawaloa Cove. Th is  i s  t h e  most 

abundant s t a t i o n  i n  t h e  n o r t h e r n  h a l f  o f  t h e  bay. Brack i sh  w a t e r  i s  

d e t e c t a b l e  on t h e  s u r f a c e  o f  much of  KaawAloa Cove d u r i n g  most t i d e s .  

S t a t i o n  5. Located a t  t h e  b a s e  o f  a t a l u s  s l o p e  300 m s o u t h  o f  

S t a .  4.  The r e g i o n  i s  n o t  s h e l t e r e d  and b r a c k i s h  w a t e r  i s  n o t  d e t e c t a b l e  

a t  h i g h  t i d e .  

S t a t i o n  6 .  Located a t  t h e  n o r t h  f a c e  o f  a r o c k  p i l e  a t  t h e  n o r t h e r n  

end of Napoopoo Beach. Although exposed,  t h e  l e n s  i s  p r e s e n t  i n  moderate  

t i d e s ,  and r e f r a c t i v e  t u r b u l e n c e  i s  e v i d e n t .  

S t a t i o n  7 .  The o l d  m u l l e t  pond a t  Napoopoo Beach. The a r e a  i s  

swampy and p o l l u t e d ,  and i t  i s  recommended t h a t  i t  be e l i m i n a t e d  o r  

renova ted .  

S t a t i o n  8. Surf  f r o n t i n g  S t a .  7 .  The s t a t i o n  i s  exposed and 

b r a c k i s h  w a t e r  i s  o n l y  d e t e c t a b l e  a t  ebb t i d e .  
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S t a t i o n  9 .  Rocky i n l e t  j u s t  SW of  Hik iau  Heiau. A t  low t i d e  t h e  

s h o r e  i s  n e a r l y  f r e s h  w a t e r ,  and a  l e n s  i s  e v i d e n t  20 m o f f s h o r e .  Houses 

f r o n t  t h i s  s t a t i o n ,  and t h e  b a c t e r i a l  sample t a k e n  a t  t h e  s u r f a c e ,  s h o r e  

showed ev idence  o f  con tamina t ion .  

S t a t i o n  10. G r a v e l l y  i n l e t  j u s t  n o r t h  o f  t h e  S t a t e  dock. Th is  

s t a t i o n  i s  s i m i l a r  t o  S t a .  9 ,  excep t  t h a t  no houses  a b u t  i t .  B a c t e r i a l  

con tamina t ion  was n o t  d e t e c t e d .  

S t a t i o n  11. Off t h e  S t a t e  dock. The d e p t h  i s  approximately  2 m. 

S t a t i o n  12. Sea w a l l  by t h e  S t a t e  dock. S t a s .  12 through 17 a r e  

c l o s e  t o  one a n o t h e r  and,  a t  low t i d e s ,  a f r e s h w a t e r  l e n s  ex tends  over  

t h i s  e n t i r e  r e g i o n .  However, a s  t h i s  a r e a  i s  l e s s  s h e l t e r e d  t h a n  S t a .  4  

i n  Kaawaloa Cove, d i f f u s i o n  i s  much more r a p i d .  No l e n s  a t  a l l  i s  

d e t e c t a b l e  a t  h i g h  t i d e .  These s i x  s t a t i o n s  a r e  a r r a n g e d  a l o n g  a  g r a v e l l y ,  

bou lder - s t rewn,  c r e s c e n t - s h a p e d  beach f r o n t e d  by p r i v a t e  homes. The r a t e  

o f  p e r c o l a t i o n  was approx imate ly  t h e  same f o r  a l l  s i x  s t a t i o n s .  

S t a t i o n  13. F o r t y  m s o u t h  o f  t h e  S t a t e  dock. 
I 

S t a t i o n  14. S i x t y  m s o u t h  o f  t h e  S t a t e  dock. 

S t a t i o n  15. Ninety  m s o u t h  o f  t h e  S t a t e  dock. 

S t a t i o n  16. One hundred and twenty m s o u t h  o f  t h e  S t a t e  dock. 

S t a t i o n  17. At t h e  end o f  t h e  p a s s i b l e  a r e a  wa lk ing  s o u t h  from 

t h e  S t a t e  dock a l o n g  t h e  shore .  

S t a t i o n  18. Two m wes t  o f  a cement b o a t  ramp. The l e n s  i s  

l o c a l i z e d .  

S t a t i o n  19.  A rocky i n l e t ;  s i m i l a r  t o  S t a .  18.  

S t a t i o n  20. A  s m a l l ,  g r a v e l l y  i n l e t  a t  Manini Beach. An unused 

b r a c k i s h  w e l l  i s  nearby.  Although t h e  r a t e  o f  p e r c o l a t i o n  h e r e  i s  

c o n s i d e r a b l e ,  t h e  s t a t i o n  i s  exposed and d i f f u s i o n  i s  r a p i d .  
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S t a t i o n  21. Kahauloa Cove. A l a y e r  o f  f r e s h  w a t e r  b l a n k e t s  t h e  

e n t i r e  cove most o f  t h e  t ime.  Th is  i n l e t  i s  h i g h l y  p r o t e c t e d .  

S t a t i o n  2 2 .  A rocky  i n l e t  by T. A s h i h a r a ' s  c o t t a g e .  The r a t e  o f  

p e r c o l a t i o n  i s  s i m i l a r  t o  S t a .  21 ,  and a t  low t i d e  t h e  f r e s h w a t e r  l a y e r  i s  

s e v e r a l  f e e t  t h i c k  and ex tends  s e v e r a l  hundred f e e t  i n t o  t h e  bay. However, 

t h e  a r e a  i s  exposed and b r a c k i s h  w a t e r  i s  d e t e c t a b l e  o n l y  a t  t h e  immediate 

s h o r e l i n e  d u r i n g  h i g h  t i d e .  

S t a t i o n  2 3 .  At t h e  canoe l a n d i n g  by Manago's c o t t a g e .  The l e n s  i s  

never  e x t e n s i v e .  

S t a t i o n  2 4 .  At t h e  beach f r o n t i n g  t h e  abandoned YMCA camp on t h e  

s o u t h  s i d e  o f  Palemano P o i n t .  The f r e s h w a t e r  l e n s  i s  never  d e t e c t a b l e  more 

t h a n  a  few y a r d s  from s h o r e .  

S t a t i o n  2 5 .  A low b a s a l t  s h e l f  o f  r o c k  p o o l s  6 0 0  m s o u t h  o f  S t a .  21 

a t  t h e  end o f  a  j eep  road .  F r e s h  w a t e r  i s  v i s i b l e  r i s i n g  from f i s s u r e s  i n  

t h e  r o c k ,  b u t  t h e  r a t e  was never  marked, and t h e  r e g i o n  i s  v e r y  exposed.  

No l e n s  a t  a l l  i s  d e t e c t a b l e .  

S t a t i o n  26.  By t h e  b o a t  l a n d i n g  a t  t h e  head o f  Honaunau Bay. 

P e r c o l a t i o n  i s  c o n s i d e r a b l e , ,  and a  m e t e r - t h i c k  l e n s  ex tends  2 0  m o u t  from 

t h e  s h o r e  a t  ebb t i d e .  

S t a t i o n  27.  South of  S t a .  2 6 ;  a sandy beach f r o n t i n g  p u b l i c  

res t rooms .  The r a t e  o f  p e r c o l a t i o n  i s  l e s s  t h a n  i s  t h e  c a s e  f o r  S t a .  2 6 .  

S t a t i o n  2 8 .  Alahaka Bay. S e v e r a l  f r e s h w a t e r  "chimneys" were 

r e p o r t e d  by SCUBA d i v e r s  su rvey ing  t h i s  a r e a .  Th i s  i s  t o  s a y ,  f r e s h  w a t e r  

emerges from f i s s u r e s  i n  t h e  f l o o r  o f  t h e  bay and r i s e s  t o  t h e  s u r f a c e  as 

a  r e f r a c t i v e l y  d i s t o r t e d  column. 

S t a t i o n  2 9 .  At t h e  p o i n t  where a  p a l i  s o u t h  of Alahaka Bay e n t e r s  

t h e  s e a .  F r e s h  w a t e r  was d e t e c t a b l e  5 0  m from s h o r e  d u r i n g  an  ebb t i d e .  

No f u r t h e r  a r e a s  o f  b r a c k i s h  w a t e r  were d e t e c t e d  s o u t h  t o  Loa P o i n t .  
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1. Desc r ip t ion  of s tudy zones e s t a b l i s h e d  from Keawekaheka Po in t  

t o  Palemano Po in t .  Observations were begun a t  Keawekaheka Poin t  oppos i te  

t he  c a i r n  ( t h i s  c a i r n  shows on "Towell photo 278-4" a s  a white  speck) and 

continued a l l  t h e  way around through the  bay t o  Palemano Po in t .  The l i n e  

of  observa t ions  was thus made from one boa t  run  w i t h i n  100 f e e t  t o  250 

yards of the  shore .  

An ove r l ay  was prepared as we progressed wi th  notes  being made a s  

t o  t h e  genera l  type of bottom and i t s  changes. The accompanying map 

(Fig.  8 ) shows t h i s  information with t h e  e n c i r c l e d  numbers r e f e r r i n g  t o  

the  fol lowing notes .  Since these  notes  *were made on but  a  s i n g l e  boa t  run  

and i t  was a  f i r s t  v i s i t  w i th  no knowledge of t he  general  changes t o  be 

seen, n e i t h e r  t he  a r eas  i nd ica t ed  nor t he  fol lowing notes  can be considered 

r e l i a b l e  wi thout  t h e i r  being t e s t e d  by f ie ld-checking .  Thus, t he  fol lowing 

information should be t r e a t e d  a s  a  guide f o r  f u r t h e r  f i e l d  work. 

I n  gene ra l ,  t h e  shore drops o f f  very  s t e e p l y  beyond the  ten-fathom 

l i n e .  Sometimes t h i s  drop-off i s  q u i t e  p r e c i p i t o u s .  There seems t o  be 

very l i t t l e  c o r a l  o r  anything e l s e  on the  s t eep  o u t e r  s lopes .  I n  gene ra l ,  

near shore t h e  bottom tends t o  be covered w i t h  a n  assortment of boulders  

o r ,  very near  t h e  l a v a  b l u f f  t h a t  forms the  shore ,  sharp ly  angular  fragments.  

As one progresses  seaward the  boulders a r e  l a r g e r ,  t he  l a r g e s t  o f  them 

tending t o  be r e c t i l i n e a r  and the  smal le r  tending  t o  be rounded. Likewise, 

a s  the ten-fathom l i n e  i s  approached from shore the  c o e l e n t e r a t e  c o r a l  

cover becomes more dense. That i s  t o  say,  t he  ind iv idua l s  a r e  t h i cke r  

and they cover more nea r ly  108 per  cent  o f  t he  bottom. I n  gene ra l ,  t h e  

recognizable  organisms a r e  only  c o e l e n t e r a t e  c o r a l s ,  f i s h e s  and sea  

urchins .  The only  macroscopic a l g a l  m a t e r i a l  i s  almost e n t i r e l y  i n t e r t i d a l  
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o r  on very  shal low n e a r - i n t e r t i d a l  rocks .  Turb ina r i a  o rna t a  was the  only  

macroscopic a l g a  seen  i n  water over two meters  deep. 

The fo l lowing  notes  a r e  d e s c r i p t i v e  of t he  d i f f e r e n t  a r eas  numbered 

on a  copy of Coast and Geodetic Survey Chart 4123, wi th  the  except ion of 

such d r a s t i c  s h i f t s  a s  between a co ra l  kno l l  ( a  mound covered by s e v e r a l  

d i s t i n c t l y  d i f f e r e n t  genera o r  spec i e s  of c o e l e n t e r a t e s ) ,  l a r g e  c o r a l  

heads (a s i n g l e  s p e c i e s ) ,  o r  between sand and c o r a l  o r  bar ren  rock.  There 

were no sharp changes between the  major a r e a s  de l inea t ed  on t h i s  c h a r t  and 

s e q u e n t i a l l y  numbered. The sequen t i a l  numbers given t o  t he  paragraphs 

below r e f e r  t o  t h e  same enc i r c l ed  numbers on the  a r eas  char ted ,  and a r e  

placed on t h e  c h a r t  a t  the  approximate p l ace  of observa t ion .  The 

observa t ions  recorded i n  t he  numbered paragraphs gene ra l ly  c h a r a c t e r i z e  

t he  reg ion  s e t  o f f  on the chhr t  by long dashed l i n e s  but ,  of course,  were 

i n t e r p r e t e d  from the  observa t ions  made a long  t h e  s i n g l e  course which t h e  

boa t  took. 

1 )  Huge boulders  on the  tops of which were many small Poc i l l opora  

meandrina heads and d i s c s  of some p r o s t r a t e  c o r a l .  No algae.  

2) Outward near  the  ten-fathom l i n e  t h e r e  was a  100 per  cent  

P o r i t e s  cover w i t h  a  l o t  of f i n g e r  c o r a l  i n t e r s p e r s e d  wi th  the  massive 

types.  Inshore  t h e r e  were a  few sand pa tches .  Offshore beyond the  ten-  

fathom l i n e  t h e r e  was no co ra l  v i s i b l e .  

3)  Within 100 f e e t  of  shore  t h e  boulders  forming the  bottom were 

o f t e n  about f i v e  f e e t  i n  diameter ,  q u i t e  we l l  rounded, and had on them 

very many small Poc i l lopora- type  c o r a l  heads. 

4 )  On Napoopoo Light  t he  boulders  were very  l a r g e ,  and t h e i r  

su r f aces  were gene ra l ly  ba r r en  wi th  very l i t t l e  c o r a l  growing on them. 

(See Jones,  1967, one r i f e  wi th  Ctenochaetus s t r i g o s u s . )  



5) Moving from Cook Point  and the  Napoopoo Light  toward Cook's 

Monument, t he  bottom became covered 100 per  c e n t  by P o r i t e s  and f i n g e r  

c o r a l s .  As a r e a  6 was approached a t  a  d i s t a n c e  of 50 t o  100 f e e t  from 

shore ,  many of  t h e  f i n g e r  c o r a l s  were broken and ly ing  on t h e i r  s i d e s  

wi thout  having been d isp laced  much from where they must have grown. 

6) I n  much of a r e a  6, 50 t o  100 pe r  c e n t  of the  f i n g e r  c o r a l s  had 

been broken, and o f t e n  t h e r e  was a  c e r t a i n  amount of displacement.  Some- 

times t h e  c o r a l s  were destroyed i n  a  r e l a t i v e l y  narrow l i n e ,  perhaps 

damaged by t h e  anchoring of  ves se l s .  Water so deep the  bottom cannot be 

seen comes very  c l o s e  t o  shore here .  There was a  l o t  of d e t r i t u s  i n  t he  

water  which seemed t o  be of i r r e g u l a r  form and s i z e ,  a s  though from the  

d i s i n t e g r a t i o n  of j e l l y f i s h e s  o r  perhaps an aggregat ion of ecdysed 

crus tacean  exoskeletons.  Except f o r  t h i s  one in s t ance ,  the  water through- 

out  t he  Kealakekua Bay a r e a  was excep t iona l ly  c l e a r .  

7)  I n  moving from 6 toward 7 ,  the  broken f i n g e r  c o r a l  decreased 

wi th  an i n c r e a s i n g l y  l a r g e r  percentage of t he  damage seemingly t h a t  which 

we f e e l  may have been caused by the  anchoring of v e s s e l s .  Toward a r e a  8 

appeared t h e  most i n t e n s i v e  co ra l  head development seen. However, h e r e  

and t h e r e  three- to- f ive-meter  a r e a s  were seen where one l a r g e  c o r a l  had 

d i ed ,  and near  such a reas  s l a t e  penc i l  u rch ins  (probably Heterocentrotus  

mammillatus) were more abundant. 

8) Perhaps t h i s  a r e a  i s  b e s t  cha rac t e r i zed  a s  one covered over 

90 per  cen t  by very  l a r g e  ( 3  t o  4 meter)  P o r i t e s  heads, having between 

them narrow c rev ices .  Here and t h e r e  were dead P o r i t e s  heads densely 

covered wi th  s l a t e  penc i l  u rch ins .  In  some cases  c o r a l  head substratum 

was deeply eroded wi th  sharp-edged c o n c a v i t i e s ,  many of which were occupied 

by penc i l  u rch ins .  (This r e l a t i o n s h i p  of u rch ins  and holes  reminds one 
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v e r y  much o f  s i m i l a r  e r o s i o n  f e a t u r e s  s e e n  on  t h e  i n s h o r e  edges o f  v e r y  

l a r g e  r e e f - e d g e d  a l g a l  r i d g e s  i n  t h e  Tuamotus.) 

9 )  Near t h i s  s t e e p e s t  c l i f f  f a c e  a r e a  o f  t h e  bay and c o n t i n u i n g  

on  around toward Napoopoo, t h e  bottom i s  comple te ly  covered w i t h  sand 

e x c e p t  f o r  a P o r i t e s  r e e f  v e r y  n e a r  s h o r e  i n  a narrow band where t h e  

w a t e r  was pe rhaps  two m e t e r s  o r  l e s s  deep.  As f a r  a s  cou ld  be t o l d ,  i n  

w a t e r  any deeper  t h a n  t h i s ,  and we c i r c l e d  around t o  check t h e  p o i n t ,  

t h e r e  was n o t h i n g  b u t  sand on t h e  bottom. Th is  sand bottom had smal l  

c i r c u l a r  a r e a s  a b o u t  2 o r  3 i n c h e s  i n  d iamete r  on  i t  such  a s  a r e  made by 

v a r i o u s  worms. 

10)  From t h e  bou lder  p o i n t  a t  t h e  s o u t h e a s t  end o f  t h e  p a l i  a r e a  

t o  Hik iau  Heiau,  t h e  g r e y  sand has  major  r i p p l e  marks p a r a l l e l  t o  t h e  

s h o r e .  Th is  major  p a t t e r n  i s  covered w i t h  a r e t i c u l a t e ,  i r r e g u l a r ,  f i n e r  

p a t t e r n .  

1 1 )  Beginning a t  t h e  n o r t h e r n  efid o f  t h e  beach and i n c r e a s i n g  

southward,  h e r e  and t h e r e  c o r a l  mounds appeared  on t h e  sand f l a t  u n t i l  

o p p o s i t e  t h e  Heiau t h e y  covered abou t  50 p e r  c e n t  o f  t h e  bottom. No 

p h y s i c a l  damage was s e e n  t o  any o f  t h e s e .  There  was c o n s i d e r a b l e  f r e s h  

water d i s t i n c t l y  c o l d e r  t h a n  t h e  s e a ,  e s p e c i a l l y  j u s t  o f f  t h e  Heiau,  as 

sensed  by t h e  swirmners be ing  towed behind t h e  b o a t .  

12)  The bottom o f  Napoopoo Bay, i t s e l f ,  i s  abou t  100 p e r  c e n t  

covered w i t h  c o e l e n t e r a t e  c o r a l s .  (However, t h e  a e r i a l  photographs  show 

a s h a r p  d i f f e r e n c e  i n  bottom t y p e  n o t  no ted  d u r i n g  t h i s  b o a t  run . )  The 

c o r a l  bottom cover  c o n s i s t s  o f  t h r e e  t o  f i v e  f o o t  P o r i t e s  heads  w i t h  some 

f i n g e r  c o r a l  between, and as one p r o g r e s s e s  seaward P o c i l l o p o r a  heads 

appear .  



13)  The n o r t h  s h o r e  o f  t h i s  p o i n t ,  Manini Beach P o i n t ,  i s  v e r y  

s h a l l o w  and as one p r o g r e s s e s  f u r t h e r  westward t h e  P o c i l l o p o r a  heads  

i n c r e a s e  u n t i l  t h e y  may cover  a s  much a s  25 p e r  c e n t  o f  t h e  s u r f a c e .  On 

t h e  s h a l l o w e s t  o f  t h e  v o l c a n i c  rock  s u r f a c e s  a l o n g  w i t h  t h e  P o c i l l o p o r a  

t h e r e  a r e  many dense  c o n e - l i k e  T u r b i n a r i a  t h a l l i .  Th i s  s i t u a t i o n  was seen 

o f f  a lmos t  each o f  t h e  r i d g e s  o f  r o c k  r u n n i n g  i n t o  t h e  s e a  between Manini 

Beach P o i n t  and Palemano P o i n t .  

14)  The s i t u a t i o n  i n  a r e a  1 3  concern ing  T u r b i n a r i a  i s  more s t r o n g l y  

emphasized t o  t h e  wes t  o f  Manini Beach P o i n t  where t h e  igneous  rock  knobs 

o f  t h e  seaward e x t e n s i o n s  o f  each p o i n t  have unusual  amounts o f  T u r b i n a r i a  

on  them, b u t  a r e  r a t h e r  b a r r e n  o t h e r w i s e  o r  a r e  sometimes covered w i t h  a n  

abundance o f  q u i t e  smal l  c o r a l  heads .  

1 5 )  With t h e  e x c e p t i o n  o f  t h e  igneous  knob s i t u a t i o n  d e s c r i b e d  

under  p a r a g r a p h  14 ,  above, most o f  t h i s  a r e a  i s  about  95 p e r  c e n t  covered 

by P o r i t e s  w i t h  5 p e r  c e n t  sand p a t c h e s  a t  t h e  n o r t h  end. 

16)  A s  t h e  a r e a  o f f  t h e  canoe l a n d i n g  i s  approached, t h e  p e r c e n t a g e  

o f  sand cover  r e a c h e s  about  50 p e r  c e n t .  

1 7 )  Running westward a l o n g  t h e  s h o r e  o f  Palemano P o i n t  t h e  bottom 

i s  l a r g e l y  b a r r e n  rock  w i t h  a l i t t l e  s p r i n k l i n g  o f  sand over  i t  b u t ,  i n  

some p l a c e s ,  i t  i s  covered abou t  50 p e r  c e n t  w i t h  P o r i t e s  heads ,  There 

were some l a r g e ,  deep (5 t o  10 mete r  d e e p ) ,  barren-bottomed c r e v i c e s .  

Some of  t h e s e  had r u b b l e  a g a i n s t  one edge o r  a n o t h e r .  S i n c e  t h e y  were 

r a t h e r  devoid  o f  sand,  i t  can  be assumed t h a t  t h e y  were  channe l s  l e a d i n g  

downward toward deep wate r  r a t h e r  t h a n  b e i n g  mere h o l e s .  

18)  West o f  t h e  t i p  o f  Palemano P o i n t  t h e  bottom i s  covered w i t h  

huge b o u l d e r s ,  i.~., b o u l d e r s  o v e r  f o u r  m e t e r s  i n  l e n g t h .  There was v e r y  

l i t t l e  v i s i b l e  growth on them. 
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It  was h e r e  t h a t  we were passed  by a  s t r u n g - o u t  schoo l  o f  pe rhaps  

e i g h t y  p o r p o i s e s ,  some p i c t u r e s  o f  which were s h o t .  

Summary Notes 

F r e s h  w a t e r  was sensed  by t h e  swimmers i n  t h e  w a t e r  a s  a  s h a r p l y  

lower t empera tu re ,  and could  be sensed  o t h e r w i s e  by t h e  r e f r a c t i v e  

kurbu lence  under  t h e  g lass -bo t tom box, g.g., o f f  t h e  caves  near  Keawekaheka 

P o i n t ,  consp icuous ly  i n  Kaawaloa Cove and e s p e c i a l l y  a long  i t s  i n n e r  s h o r e s ,  

o f f  t h e  r o c k  p i l e  a t  t h e  n o r t h  end o f  Napoopoo beach and j u s t  o f f  t h e  

Hik iau  Heiau.  

Sand dominated a l l  o f  a r e a s  9 ,  10 and 11. I n  g e n e r a l ,  t h e  sand 

was g rey ,  d a r k l y  s o  i n  a r e a  7 ,  and from i t s  a s s o c i a t i o n  w i t h  r u b b l e  from 

t h e  c l i f f  above i n  t h e  p a l i  a r e a  one assumes t h e  c o l o r  t o  be t h a t  o f  t h e  

rock  from which i t  was d e r i v e d .  Beginning i n  a r e a  1 3  i t  was n o t i c e d  t h a t  

t h e  sand was l i g h t e r  i n  c o l o r ,  b u t  o n l y  i n  perhaps  a r e a  16 d i d  i t  become 

b u f f  o r  t h e  l i g h t  c o l o r s  i n d i c a t i v e  o f  t h e  c o r a l  sand on t h e  n o r t h  s h o r e  

o f  Palemano P o i n t .  

I n  a r e a s  5 ,  6 and 7 i t  would appear  t h a t  t h e  g r e a t  amount o f  c o r a l  

t h a t  i s  b roken  o f f  w i t h o u t  be ing  d i s p l a c e d  may have been broken o f f  by 

peop le  k i c k i n g  i t  w i t h  t h e i r  f e e t  o r  d ropp ing  o b j e c t s  d i r e c t l y  on i t  from 

above and n o t  d ragg ing  them a s  an  anchor  might  be dragged. Th is  does n o t  

deny t h e  p o s s i b i l i t y  t h a t  much o f  t h i s  damage i s  from anchors  which were 

n o t  dragged. 

\ 
2. T r a n s e c t s  p e r p e n d i c u l a r  t o  t h e  s h o r e  r u n  from Cook P o i n t  t o  

Palemano P o i n t .  Seventeen a r e a s  ( F i g .  9  ) were s e l e c t e d  a s  s i t e s  f o r  

t r a n s e c t s  p e r p e n d i c u l a r  from t h e  s h o r e  on t h e  b a s i s  o f  e a s e  o f  r e l o c a t i o n  

and t o  p r o v i d e  a r e p r e s e n t a t i v e  sampl ing o f  t h e  v a r i o u s  b i o t a  i n  t h e  bay.  
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FIGURE 9 .  Transects by view box run perpendicular to shore. 



Each t r a n s e c t  was defined v e r b a l l y  and wi th  a  compass, and was then r e -  

l oca t ed  dur ing  the  a f te rnoon sampling e f f o r t ,  during which time each was 

photographed. Two s e t s  of photographs were taken-one s e t  c l o s e  t o  the  

t r a n s e c t  o r i g i n  and a  second more p r e c i s e  s e t  was taken from the  te rmina l  

p o i n t  of  each v i s u a l  t r a n s e c t  l i n e .  

There were 17 v i s u a l  perpendicular  t r a n s e c t s  run (Fig.  9 ) .  

During each t r a n s e c t  a 17-foot  s k i f f  was backed i n t o  the  landmark a s  c l o s e  

a s  su r f  permi t ted ,  and the  boat  moved a s  slowly forward a s  the  10 hp 

engine would permit .  The v i s u a l  g r i d  sampler (Fig. 11 ) was placed i n  

the  water ,  t he  depth and g r i d  used were recorded along wi th  the  pe r  c e n t  

coverage of  each spec i e s  i n  t he  o r i g i n a l  f i e l d  of view. The sampler was 

then l i f t e d ,  immediately replacecl,and the  record ing  procedure was repea ted .  

This process  was completed along a  compass heading u n t i l  t he  bottom could 

no longer  be seen. 

Transect  1. Perpendicular  t o  c o a s t ,  o f f  Napoopoo Light  running 

due south.  Sample 1: depth i s  50 f t ,  moving o u t  from the  l i gh thouse ,  

l a r g e  vo lcan ic  rock boulders ,  covered by about 20% c a s t l e  P o r i t e s ,  

s c a t t e r e d  Poc i l l opora  meandrina heads, t h e  r e s t  vo lcanic  rock. Sample 2: 

depth i s  40 m, 30% Poci l lopora  meandrina heads, vo lcanic  rock rubble ,  

approximately s i x  Echinothrix per  view, about 30% c a s t l e  P o r i t e s .  Now 

about 75 yds o f f sho re .  Sample 3: about 50% c a s t l e  P o r i t e s ,  an average of 

one Echinothr ix  per  view, about 10% Poc i l l opora ,  the  r e s t  vo lcanic  rock.  

Depth 60 f e e t .  Sample 4: depth about  70 f t ,  100% f i n g e r  P o r i t e s ,  moving 

on o u t ,  100% f i n g e r  P o r i t e s ,  one o r  two c a s t l e  P o r i t e s  heads, bottom now 

o u t  of s i g h t ,  l a s t  s i g h t i n g  was 100% P o r i t e s  a t  depth probably 100 f e e t .  

Transec t  2. Compass running on a  south  s e t t i n g .  Sample 1: depth 

50 f t ,  four  Echinothr ix ,  about 60% c a s t l e  P o r i t e s  and about 40% sand- 



5  9  

covered  l a v a .  Sample 2: abou t  90% c a s t l e  P o r i t e s ,  10% f i n g e r  P o r i t e s .  

Sample 3: a b o u t  60% f i n g e r  P o r i t e s ,  40% c a s t l e  P o r i t e s ,  dep th  65 f t .  

Sample 4: d e p t h  i s  about  80 f t ,  90% f i n g e r  P o r i t e s ,  r e s t  c a s t l e  P o r i t e s .  

Sample 5  was t o o  deep,  i t  looked l i k e  100% f i n g e r  P o r i t e s .  

T r a n s e c t  3. Landing a t  Cook's Monument, 8' from mag. n o r t h .  

Sample 1: d e p t h  6 f t ,  two H e t e r o c e n t r o t u s ,  one E c h i n o t h r i x ,  abou t  40% 

f i n g e r  P o r i t e s  and 60% c a s t l e  P o r i t e s .  Sample 2: dep th  6  f t ,  two 

H e t e r o c e n t r o t u s ,  20% l i v i n g  c a s t l e  P o r i t e s ,  80% dead c a s t l e  P o r i t e s .  

Sample 3: d e p t h  15 f t ,  30% f i n g e r  c o r a l ,  10% c a s t l e  P o r i t e s  and t h e  r e s t  

dead m a t e r i a l .  Sample 4: s t e e p  d rop-of f  t o  abou t  70 o r  80 f t , b r o k e n  

f i n g e r  P o r i t e s ,  dead a l l  a long  t h e  edge,  f i n g e r  P o r i t e s  100%. Sample 5 :  

100% f i n g e r  P o r i t e s , a b o u t  100 f t .  

T r a n s e c t  4. On t h e  n o r t h e a s t  s i d e  o f  Cook's Monument. Sample 1: 

f i r s t  d e p t h  abou t  seven  f t ,  dead P o c i l l o p o r a  w i t h  E c h i n o t h r i x  abou t  5  

p e r  view. Sample 2: dep th  about  30 f t ,  100% f i n g e r  P o r i t e s .  Sample 3: 

abou t  90% c a s t l e  P o r i t e s ,  50 f t  deep,  10% f i n g e r  P o r i t e s .  Sample 4: 

d e p t h  60 f t ,  abou t  70% f i n g e r  P o r i t e s ,  30% c a s t l e  P o r i t e s .  Sample 5: 

100% f i n g e r  P o r i t e s ,  dep th  90 f t .  Sample 6: 100 f t ,  looks  l i k e  100% 

f i n g e r  P o r i t e s  . 
T r a n s e c t  5.  Off of f a l l e n  r o c k ,  we a r e  40-45 f t  o f f s h o r e  on a due 

s o u t h  head ing .  Sample 1: dep th  a b o u t  10 f t ,  l a v a  b o u l d e r s ,  no organisms.  

Sample 2:  same type  o f  b o u l d e r s ,  dep th  15 f t ;  s c a t t e r e d  c r u s t s  o f  c a s t l e  

P o r i t e s  on b o u l d e r s .  Sample 3: d e p t h  30 f t ,  one c a s t l e  P o r i t e s  p e r  view. 

Sample 4: d e p t h  40 f t ,  p o r t i o n  o f  c a s t l e  P o r i t e s  p e r  view, r e s t  v o l c a n i c  

rock .  Sample 5: about  30% c a s t l e  P o r i t e s  cover ,  t h e  r e s t  v o l c a n i c  r o c k ,  

dep th  abou t  60 f t .  Sample 6: dep th  abou t  45 f t ,  30% f i n g e r  P o r i t e s ,  

60% c a s t l e  P o r i t e s  and t h e  r e s t  v o l c a n i c  rock .  Sample 7: d e p t h  a b o u t  



55 f t ,  5 m f i n g e r  P o r i t e s ,  50% c a s t l e  P o r i t e s  and 10% rock .  Sample 8: 40% 

f i n g e r  P o r i t e s ,  about  20% c a s t l e  P o r i t e s  and r e s t  v o l c a n i c  rock .  Sample 

9: n o t h i n g  b u t  v o l c a n i c  rock .  Sample 10: no th ing  b u t  v o l c a n i c  rock ,  t o o  

deep.  

T r a n s e c t  6. Near t h e  l a v a  t u b e s ,  10 f t  from shore .  Sample 1: 

rounded beach-worn v o l c a n i c  b o u l d e r s  w i t h  abou t  2% c a s t l e  P o r i t e s  c r u s t s  

on them, one H e t e r o c e n t r o t u s ,  dep th  abou t  5  f t .  Sample 2: l e s s  t h a n  1% 

coverage  by c a s t l e  c r u s t s ,  dep th  a b o u t  10 f t .  Sample 3: abou t  10% covered 

by f i n g e r  P o r i t e s ,  90% c a s t l e  P o r i t e s .  Sample 4: abou t  20% f i n g e r  P o r i t e s ,  

80% c a s t l e  P o r i t e s ,  dep th  20 f t .  Sample 5: d e p t h  30 f t ,  one P o c i l l o p o r a  

head,  abou t  80% c a s t l e  P o r i t e s ,  t h e  r e s t  f i n g e r  P o r i t e s  and one E c h i n o t h r i x .  

Sample 6: 100% c a s t l e  P o r i t e s ,  d e p t h  50 f t .  Sample 7: 10% f i n g e r  P o r i t e s ,  

90% c a s t l e  P o r i t e s ,  dep th  about 60 f t .  Sample 8: dep th  60 f t ,  one 

P o c i l l o p o r a ,  20% f i n g e r  P o r i t e s ,  t h e  r e s t  c a s t l e  P o r i t e s .  Sample 9: d e p t h  

80 f t ,  100% c a s t l e  P o r i t e s .  Sample 10: 50% f i n g e r  P o r i t e s ,  50% c a s t l e  

P o r i t e s ,  d e p t h  90 f t .  Sample 11: about  70% c a s t l e  P o r i t e s ,  30% f i n g e r  

P o r i t e s ,  d e p t h  abou t  95 f t .  Sample 1 2 :  d e p t h  95-100 f t ,  about  70% c a s t l e  

P o r i t e s  and 30% f i n g e r  P o r i t e s .  The end i s  about  100 y a r d s  o f f s h o r e .  

I n  deeper  p o r t i o n s  o f  T r a n s e c t  6 ,  f i n g e r  P o r i t e s  d i d  n o t  become as 

dominant as i n  t h e  o t h e r  l o c a t i o n s .  I n  a l l  p e r p e n d i c u l a r  t r a n s e c t s ,  a 35 

mm photograph was t aken  from t h e  ou te rmos t  p o i n t  o f  t h e  t r a n s e c t  l i n e ,  i n  

a d d i t i o n  t o  e a r l i e r  p i c t u r e s  o f  t r a n s e c t  l o c a t i o n s .  These a r e  l a b e l e d  and 

i n c l u d e d  a s  f u t u r e  r e f e r e n c e  g u i d e s .  

T r a n s e c t  7. The b a s e  o f  a l a r g e  c l i f f ;  t r a n s e c t  r u n s  due s o u t h .  

Sample 1: dep th  abou t  6 f t ,  l a r g e  beach-worn bou lders  covered by dia toms,  

i n  t h e  c r a c k s  a r e  P o c i l l o p o r a  and P o r i t e s ,  each cover  about  10%. Sample 

2 :  d e p t h  5 f t ,  40% c a s t l e  P o r i t e s ,  t h e  r e s t  v o l c a n i c  rock .  Sample 3: 
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d e p t h  20 f t ,  10% f i n g e r  P o r i t e s ,  10% r o c k  and t h e  r e s t  c a s t l e  P o r i t e s .  

Sample 4: 100% d a r k  sand ,  d e p t h  was a b o u t  35 f t .  Sample 5: 50% f i n g e r  

P o r i t e s ,  d e p t h  abou t  45 f t .  Sample 6: 80% sand,  10% f i n g e r  P o r i t e s  and 

10% c a s t l e  P o r i t e s ,  j u s t  s m a l l  g rowths ,  d e p t h  about  50 f t .  Sample 7: 90% 

f i n g e r  P o r i t e s ,  10% c a s t l e  P o r i t e s ,  d e p t h  abou t  40 f t .  Sample 8: d e p t h  

a b o u t  40 f t ,  100% f i n g e r  P o r i t e s ,  n o t  much d e p t h  change h e r e .  Sample 9: 

100% c a s t l e  P o r i t e s ,  d e p t h  abou t  40 f t .  Sample 10:  50% c a s t l e  P o r i t e s ,  

50% f i n g e r  P o r i t e s ,  t h r e e  E c h i n o t h r i x  p e r  view, d e p t h  60 f t ,  Sample 11: 

50% f i n g e r  P o r i t e s  and 50% c a s t l e  P o r i t e s ,  d e p t h  about  65-70 f t .  Sample 

12 :  d e p t h  100 f t ,  abou t  60% f i n g e r  P o r i t e s  and 40% c a s t l e  P o r i t e s .  

T r a n s e c t  8 .  Sample 1: abou t  75 f t  o f f s h o r e ,  6  f t  deep,  100% sand .  

Sample 2: 100% sand ,  d e p t h  6  f t .  Sample 3:  10 f t  deep,  100% sand .  Sample 

4:  same d e p t h ,  100% sand.  Sample 5: 15 f t  deep,  100% sand.  Sample 6: 

100% sand ,  d e p t h  abou t  20 f t .  Sample 7: 100% sand,  d e p t h  abou t  20 f t .  

Sample 8: d e p t h  abou t  30-40 f t ,  100% sand .  Sample 9:  100% sand,  d e p t h  

a b o u t  40 f t .  100% sand,  d i f f i c u l t  t o  t e l l  d e p t h  a t  t h e  end. 

T r a n s e c t  9. Immediately o f f  Hik iau  Heiau.  Sample 1: d e p t h  20 f t ,  

b o u l d e r  w i t h  s c a t t e r e d  P o c i l l o p o r a  meandr ina ,  c o v e r i n g  abou t  50% view, 

50% sand.  Sample 2: d e p t h  25 f t ,  100% sand .  Sample 3: 100% sand ,  d e p t h  

30 f t .  Sample 4: P o c i l l o p o r a  lo%,  sand 90%, d e p t h  25 f t .  Sample 5: 50% 

P o c i l l o p o r a ,  40% c a s t l e  P o r i t e s ,  10% r o c k .  Sample 6: 40% P o c i l l o p o r a ,  

50% c a s t l e  P o r i t e s ,  10% rock ,  d e p t h  20 f t .  The l a s t  two samples were 

o v e r  b o u l d e r s .  Sample 7: 100% sand .  Sample 8: 100% sand,  d e p t h  20 f t .  

Sample 9:  P o c i l l o p o r a  heads c o v e r i n g  a b o u t  20%, about  20% c a s t l e  P o r i t e s ,  

t h e  r e s t  p a r t  o f  a  b o u l d e r .  Sample 10:  P o c i l l o p o r a  heads  20%, one  

E c h i n o t h r i x ,  abou t  50% c a s t l e  P o r i t e s ,  t h e  r e s t  rock ,  d e p t h  a b o u t  20 f t .  

Sample 11: 50% sand,  50% c a s t l e  P o r i t e s ,  d e p t h  abou t  20 f t .  Sample 12: 



dead c a s t l e  P o r i t e s  about 70%, l i v i n g  c a s t l e  P o r i t e s  about 20% and 

Poc i l l opora  heads about l o % ,  depth was 25 f t .  

Transec t  10. Napoopoo Harbor, s t a r t i n g  i n  the  harbor .  Sample 1: 

vo lcan ic  rock rubble  wi th  about 1% cover by Poc i l l opora  heads, boulders  

have diatoms growing on them, depth 6  f t .  Sample 2 :  100% vo lcan ic  rock 

w i t h  heavy diatom growth, depth 8 f t .  Sample 3: vo lcanic  rock, w i th  

diatom growth, depth 10 f t .  Sample 4: one Heterocent ro tus ,  one Echinothr ix ,  

8 f t .  deep, 50% c a s t l e  P o r i t e s ,  50% volcanic  rock. Sanple 5: depth  6 f t ,  

50% Poc i l l opora ,  50% c a s t l e  P o r i t e s .  Sample 6: 10 f t  deep, 100% c a s t l e  

P o r i t e s .  Sample 7 :  10 f t  deep, 10% Poci l lopora ,  60% dead c a s t l e  P o r i t e s ,  

about  30% l i v i n g  c a s t l e  P o r i t e s .  Sample 8: 10 f t  deep, four  Echinothr ix  

per  view, one Poc i l l opora ,  10% l i v i n g  c a s t l e  P o r i t e s ,  the  r e s t  dead c a s t l e  

P o r i t e s .  Sample 9: 20 f t  deep, 100% sand. Sample 10: vo lcanic  rock wi th  

1% Poc i l l opora ,  t he  r e s t  sand, depth 25 f t .  Sample 11: depth 30 f t ,  100% 

sand. Sample 12: same a s  l a s t ,  100% sand, about 25 f t  depth. 

Transect  11. South of t he  f i r s t  rocky promontory t h a t  s t i c k s  above 

the  water  approaching the harbor .  Sample 1: depth 10 f t ,  10% Poc i l l opora ,  

50% c a s t l e  P o r i t e s ,  t he  r e s t  rock 40%. Sample 2: t h r ee  Turbinar ia  o r n a t a ,  

90% dead c a s t l e  P o r i t e s  and about 10% l i v i n g  c a s t l e  P o r i t e s .  Sample 3: 

100% dead c a s t l e ,  t h r ee  Turbinar ia ,  melobesioid-covered dead c a s t l e  

P o r i t e s .  Sample 4: depth 30 f t ,  20% Poci l lopora ,  80% c a s t l e  P o r i t e s .  

Sample 5: 90% c a s t l e  P o r i t e s ,  10% Poci l lopora ,  depth 35 f t .  Sample 6: 

dep th  35 f t ,  100% c a s t l e  P o r i t e s .  Sample 7: depth 30 f t ,  10% Poc i l l opora ,  

90% c a s t l e  P o r i t e s .  Sample 8: depth  20 f t ,  about 70% c a s t l e  P o r i t e s ,  30% 

rock. Sample 9: 50% rock, 50% c a s t l e  P o r i t e s .  Sample 10: 20% rock ,  80% 

P o r i t e s ,  depth about 40 f t .  Sample 11: depth 40 f t ,  50% f i n g e r  P o r i t e s ,  

50% c a s t l e  P o r i t e s .  Sample 12: depth  about  45 f t ,  about 50% f i n g e r  



P o r i t e s ,  50% c a s t l e  P o r i t e s .  Sample 13:  dep th  about  50 f t ,  90% f i n g e r  

P o r i t e s  and 10% c a s t l e  P o r i t e s .  Sample 14: 10% sand,  50% f i n g e r  P o r i t e s ,  

40% c a s t l e  P o r i t e s ,  dep th  about  50 f t .  

T r a n s e c t  12.  About 50 f t  o f f  t h e  beach w i t h  Sargassum on t h e  

i n t e r t i d a l  rock .  Sample 1: dep th  20 f t ,  100% c a s t l e  P o r i t e s .  Sample 2: 

d e p t h  20 f t ,  90% c a s t l e  P o r i t e s ,  10% sand.  Sample 3: about  10% f i n g e r  

P o r i t e s ,  90% c a s t l e  P o r i t e s ,  dep th  30 f t .  Sample 4: dep th  30 f t ,  abou t  

70% c a s t l e  P o r i t e s ,  30% dead c a s t l e  P o r i t e s .  Sample 5: 50% v o l c a n i c  rock ,  

50% c a s t l e  P o r i t e s ,  one head o f  P o c i l l o p o r a ,  dep th  50 f t .  Sample 6: 50% 

c a s t l e  P o r i t e s ,  10% f i n g e r  P o r i t e s ,  50 f t  dep th ,  t h e  r e s t  rock .  Sample 

7: d e p t h  50 f t ,  about  100% c a s t l e  P o r i t e s .  Sample 8: dep th  50 f t ,  80% 

c a s t l e  P o r i t e s ,  20% f i n g e r  P o r i t e s .  Sample 9 :  dep th  60 f t ,  50% c a s t l e  

P o r i t e s ,  50% f i n g e r  P o r i t e s .  Sample 10: d e p t h  70 f t ,  30% f i n g e r  P o r i t e s ,  

30% sand ,  40% c a s t l e  P o r i t e s .  Sample 11: one E c h i n o t h r i x ,  abou t  60% 

f i n g e r  P o r i t e s ,  40% c a s t l e  P o r i t e s .  Sample 12: about  60 f t  dep th ,  t h r e e  

E c h i n o t h r i x ,  abou t  90% c a s t l e  P o r i t e s  and 10% f i n g e r  P o r i t e s .  Sample 13: 

d e p t h  abou t  75 f t ,  abou t  50% f i n g e r  P o r i t e s  and 50% c a s t l e  P o r i t e s .  

T r a n s e c t  13.  A b e n t  rock  i n  f r o n t  o f  a small brown house.  The 

church i s  26'; abou t  10 f t  from s h o r e .  Sample 1: dep th  about  7  f t ,  t h e  

s u b s t r a t e  i s  v o l c a n i c  rock  covered w i t h  melobes io id  growth,  one dead 

P o c i l l o p o r a  head has  about  f o u r  T u r b i n a r i a  o r n a t a  t h a l l i  on i t .  Sample 2: 

v o l c a n i c  r o c k ,  melobes io ids  c o v e r i n g  30%, and t h e r e  i s  about  30% c o v e r i n g  

by c a s t l e  P o r i t e s ;  dep th  i s  abou t  10 f t .  Sample 3: dep th  abou t  15 f t ,  

abou t  90% c a s t l e  P o r i t e s ,  t h e  r e s t  i s  rock .  Sample 4: one E c h i n o t h r i x ,  

abou t  70% c a s t l e  P o r i t e s  and 30% rock .  Sample 5:  dep th  30 i t ,  20% f i n g e r  

P o r i t e s  and 80% c a s t l e  P o r i t e s .  Sample 6: 60% c a s t l e  P o r i t e s  and 40% 

f i n g e r  P o r i t e s ,  dep th  about  40 f t .  Sample 7: dep th  about  40 f t ,  50% 



c a s t l e  P o r i t e s ,  10% f i n g e r  P o r i t e s  and the  r e s t  i s  rubble.  Sample 8: 

depth 50 f t ,  100% c a s t l e  P o r i t e s .  Sample 9: 60 f t  deep, 50% f i n g e r  and 

50% c a s t l e .  

Transect  14. We a r e  about 20 f t  o f f sho re .  Sample 1: depth  10 f t ,  

t h r e e  Turb ina r i a  t h a l l i ,  vo lcanic  rock wi th  diatoms and one dead Poc i l l opora  

on i t .  Sample 2: depth 10 f t ,  one Turb ina r i a  t h a l l u s ,  one Poc i l l opora  

covering 20%, c a s t l e  P o r i t e s  covering the  r e s t .  Sample 3: running p a r a l l e l  

wi th  t he  w a l l .  Sample 4: about 20 f t  deep, 10% dead Poci l lopora ,  about 

10% c a s t l e  P o r i t e s ,  t he  r e s t  rock and rubble .  Sample 5: 10 f t  deep, 60% 

c a s t l e  P o r i t e s  and 30% Turbinar ia ,  about 25 t h a l l i ,  the  r e s t  i s  rock.  

Sample 7 :  depth about 15 f t ,  lO%Pocil lopora,  30% c a s t l e  P o r i t e s ,  r e s t  i s  

rock.  Sample 8: 20 f t  deep, 50% rock,  50% c a s t l e  P o r i t e s ,  two Echinothr ix .  

Sample 9 :  about 15 Turbinar ia  o r n a t a  t h a l l i ,  50% rock and 50% c a s t l e  

P o r i t e s .  Sample 10: depth 25 f t ,  one Echinothr ix ,  50% rock about 30 

Turb ina r i a  o r n a t a  t h a l l i ,  50% Poc i l l opora .  Sample 11: depth 25 f t ,  one 

Echinothr ix ,  100% c a s t l e  P o r i t e s .  Sample 12: 25 f t  deep, 100% c a s t l e  

P o r i t e s .  Sample 13: depth 30 f t ,  about 90% c a s t l e  P o r i t e s ,  5% f i n g e r  

P o r i t e s ,  5% rock.  Sample 14: 50 f t  depth,  50% f i n g e r  P o r i t e s  and 50% 

c a s t l e  P o r i t e s .  Sample 15: depth 85 f t ,  100% f inge r  P o r i t e s .  

Transect  15. Sample 1: depth 4 f t ,  one Poci l lopora ,  f i v e  smal l ,  

whi te  s e a  urchins  i n  the  rock,  rock i s  covered wi th  sand and diatoms, 

Poc i l l opora  about 20%. Sample 2: Poc i l l opora  about 15%, 85% rock.  

Sample 3: vo lcan ic  rock boulders ,  one p o r t i o n  of dead Poci l lopora ,  two 

Heterocent ro tus .  Sample 4: depth about  5  f t ,  t h r ee  Heterocent ro tus ,  50% 

Poc i l l opora ,  the  r e s t  diatom-covered vo lcan ic  rock. Sample 5: 25% dead 

Poc i l l opora  wi th  two Turbinar ia  t h a l l i ,  75% c a s t l e  P o r i t e s .  Sample 6: 

Heterocent ro tus  t h r e e  per  view, t e n  Turb ina r i a  o rna t a ,  30% c a s t l e  P o r i t e s ,  



70% r o c k .  Sample 7: 100% c a s t l e  P o r i t e s ,  e s t i m a t e  50 T u r b i n a r i a  t h a l l i  i n  t h e  

s p a c e s .  Sample 8: d e p t h  10 f t ,  e s t i m a t e  50 T u r b i n a r i a  t h a l l i ,  80% c a s t l e  

P o r i t e s ,  t h e  r e s t  rock .  Sample 9 :  70 f t  d e p t h ,  50% f i n g e r  P o r i t e s  and 50% 

c a s t l e  P o r i t e s .  Th i s  i s  t h e  end o f  t h e  s m a l l  h u t  t r a n s e c t  j u s t  o f f  o f  t h e  

c a b i n .  

T r a n s e c t  16 .  A t  t h e  s o u t h  end o f  t h e  beach nea r  Manago's c a b i n .  

Sample 1: 5 f t  d e p t h ,  80% f i n g e r  P o r i t e s  and t h e  r e s t  c a s t l e  P o r i t e s  w i t h  

a b o u t  f o u r  H e t e r o c e n t r o t u s ,  Sample 2 :  d e p t h  10 f t ,  10% c a s t l e  P o r i t e s  and 

t h e  r e s t  v o l c a n i c  r o c k  carved o u t  q u i t e  e x t e n s i v e l y  by s e a  u r c h i n s .  Sample 

3: a b o u t  35 f t  d e p t h ,  abou t  35% f i n g e r  P o r i t e s  and 65% c a s t l e  P o r i t e s .  

Sample 4: d e p t h  100 f t ,  50% f i n g e r  P o r i t e s ,  50% c a s t l e  P o r i t e s .  Sample 5 :  

abou t  80% f i n g e r  P o r i t e s ,  20% c a s t l e  P o r i t e s ;  100% f i n g e r  P o r i t e s  i n t o  

d e p t h s  o u t  o f  view. 

T r a n s e c t  17. Out from church on p o i n t ;  i n t e r t i d a l  Sargassum on t h e  

r o c k s ;  abou t  30 y a r d s  o f f  t h e  rocky p o i n t .  Sample 1: l e d g e  30 f t  deep ,  

v o l c a n i c  r o c k  w i t h  s p o t t y  coverage ,  p r o b a b l y  5% c a s t l e  P o r i t e s .  Sample 2: 

d e p t h  4 f t ,  50% P o c i l l o p o r a ,  50% dia tom-covered v o l c a n i c  r o c k .  Sample 3: 

d rops  t o  40 f t ,  v o l c a n i c  r o c k ,  2% c a s t l e  P o r i t e s ,  93% r o c k ,  5% P o c i l l o p o r a .  

Sample 4: l a r g e ,  rounded b o u l d e r s  w i t h  s p o t t y  c r u s t s  o f  c a s t l e  P o r i t i e s  on 

them, 20% c o v e r  by c r u s t s ,  80% b a r e  v o l c a n i c  rock .  Sample 5: d e p t h  70 f t ,  

30% c a s t l e  P o r i t e s ,  70% rock .  Sample 6: l o o k i n g  i n t o  about  80 f t  o f  w a t e r ,  

abou t  10% P o c i l l o p o r a ,  10% smal l  c r u s t s  o f  c a s t l e  P o r i t e s  h e r e  and t h e r e  

and t h e  r e s t  i s  rock.  Sample 7 :  d e p t h  100 f t ,  20% c a s t l e  P o r i t e s ,  40% 

f i n g e r  P o r i t e s ,  40% rock .  

3 .  T r a n s e c t s  p a r a l l e l  t o  t h e  s h o r e  r u n  from Keawekaheka P o i n t  t o  

Palemano P o i n t .  There were 29 t r a n s e c t s  ( F i g .  1 0 )  r u n  p a r a l l e l  t o  t h e  
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FIGURE 10. Transects by view box run parallel to shore. 



s h o r e  o f  Kealakekua Bay, and they  v a r i e d  i n  l e n g t h  from approx imate ly  t e n  

m e t e r s  t o  100 m e t e r s .  A Midge t - t ape  t a p e  r e c o r d e r  was used t o  r e c o r d  d a t a .  

A l l  t r a n s e c t s  were made p a r a l l e l  t o  t h e  s h o r e ,  and i n  most  c a s e s  two 

s t a r t i n g  and t e r m i n a l  landmark f i x e s  were  de te rmined ,  u s i n g  a  hand-held  

Brunton compass. These were  used i n  c o n j u n c t i o n  w i t h  d e p t h  f i g u r e s  i n  

p l o t t i n g  t h e  t r a n s e c t  l o c a t i o n s  o n  F i g u r e  10.  F r e q u e n t l y ,  e s t i m a t e s  o f  

d i s t a n c e  from s h o r e  were made, as was a n  a t t e m p t  t o  m a i n t a i n  t h e  t r a n s e c t  

a b o u t  50 m e t e r s  from s h o r e  wherever bottom v i s i b i l i t y  p e r m i t t e d .  

I n  o r d e r  t o  q u a n t i f y  and make o b s e r v a t i o n s  r e p e a t a b l e ,  a  g l a s s -  

bottom view box (F ig .  11 ) was marked o f ?  i n  a  g r i d  p a t t e r n  and c a l i b r a t e d  

as t o  f i e l d  o f  view p e r  g r i d .  Th i s  v iew box was used i n  e s t i m a t i n g  d e p t h  

and p e r c e n t a g e  cover  by c o r a l  f o r m a t i o n s .  

No. 1: Off o f  Keawekaheka P o i n t ,  a b o u t  30% cover  o f  P o c i l l o p o r a ,  

s c a t t e r e d  heads  o v e r  l a r g e  rounded igneous  r o c k  b o u l d e r s , a b o u t  5% c a s t l e  

P o r i t e s ,  and numberous s c a t t e r e d  T u r b i n a r i a  o r n a t a  t h a l l i  i n  among t h e  

P o c i l l o p o r a .  

No. 2: Caves j u s t  p a s t  Keawekaheka P o i n t ,  f i n g e r  P o r i t e s  i s  now 

becoming s l i g h t l y  more dominant toward Keawekaheka P o i n t ,  o f f  t h e  3 c a v e s ,  

100% cover  by c o r a l s  abou t  30% P o r i t e s ,  f i n g e r  P o r i t e s  abou t  40% and 

P o c i l l o p o r a  heads  t h e  remainder ,  s c a t t e r e d  r o c k  appear ing ,  c o r a l  t h i n n i n g  

o u t  a g a i n ,  s h e l f  forms o f  P o r i t e s ,  P o c i l l o p o r a  heads s c a t t e r e d ,  T u r b i n a r i a  

o r n a t a  t h a l l i .  

D i r e c t l y  seaward o f  Keawekaheka P o i n t  P o c i l l o p o r a  c o v e r i n g  50% o f  

v o l c a n i c  r o c k ,  t h e  ye l low P o r i t e s  c o v e r i n g  abou t  5%, dep th  i s  abou t  20 f t .  

I n t e r t i d a l l y  from t h e  3 caves  a r e a  t o  Keawekaheka P o i n t ,  we have 

m e l o b e s i o i d s ,  and j u s t  above them a t  t h e  h i g h  w a t e r  mark, A h n f e l t i a .  



Sample Ranges 

T o t a l  view: 6 f e e t  deep - 1.5 m 2  

90 f e e t  deep - 230 m 2  

Q u a r t e r  view: 6 f e e t  deep - .4 m 2 

90 f e e t  deep - 70 m 2 

FIGURE 11. View box dimensions  (cm). 



69 

No. 3 :  90 degree  a n g l e  between r o c k s ,  i n  t h e  open w a t e r  o f f  t h e  

marker a t  Keawekaheka P o i n t ;  numerous sand c h a n n e l s ,  s t e e p  d r o p o f f ,  she lved  

a r e a s ;  t h e  d e p t h  i s  r a n g i n g  from abou t  8  f e e t  t o  30 f e e t ,  and t h e  cover  i s  

ma in ly  by s c a t t e r e d  P o c i l l o p o r a  heads  of  abou t  30%; t h e  sand a p p e a r s  a  

m i x t u r e  o f  v o l c a n i c  rock  and c a l c a r e o u s  m a t e r i a l .  Depth v a r i e s  from LO t o  

abou t  30 f t .  

No. 4 :  Approaching t h e  seaward rock  mass j u s t  t o  the  e a s t  o f  

Keawekaheka P o i n t ,  coverage i s  abou t  50% by P o c i l l o p o r a  heads ;  t h e  heads  

seem t o  be much l a r g e r  i n  t h i s  r e g i o n ;  d e p t h  v a r i e s  between 15 and 30 f t ;  

t h e  bottom i s  70% covered by P o c i l l o p o r a .  

Depth i s  50 f t ;  a lmos t  100% coverage by c o r a l .  J u s t  seaward o f  t h e  

rocks  o f f  Keawekaheka P o i n t ,  about  50 f t  deep,  cover  i s  a lmost  80% P o c i l l o p o r a .  

They a r e  growing s o  c l o s e  t o  be a lmos t  touch ing  each o t h e r .  Depth i s  abou t  

50 f t .  J u s t  rounding t h e  r o c k s ,  P o c i l l o p o r a  heads  appear  t o  be somewhat 

s m a l l e r ;  c a s t l e  P o r i t e s  i s  becoming numerous, 402 P o c i l l o p o r a  and 50% 

P o r i t e s .  P a s t  t h e  rocks  we have 100% coverage by c o r a l s .  No v o l c a n i c  

rock  i s  v i s i b l e  and t h e  f i n g e r  c o r a l s  dominate ,  f i n g e r  P o r i t e s  cover  a t  

l e a s t  60% and t h e  P o c i l l o p o r a  heads have th inned  o u t .  C a s t l e  P o r i t e s  i s  

40%, dep th  60 f t .  A t  end o f  r u n ,  29 and 32 degrees  magnet ic  between rocks  

on p o i n t  and t h e  p o l e .  

No. 5: The bottom i s  covered by a b o u t  60% c a s t l e  P o r i t e s ,  and t h e  

remainder  i s  f i n g e r  c o r a l .  The d e p t h  i s  70 t o  80 f t ,  approx imate ly  8" on 

l i g h t h o u s e  and 29" on po le .  The bottom i s  e n t i r e l y  covered by c o r a l ;  no 

sand and no r o c k s  v i s i b l e ;  d e p t h  i s  abou t  60 f t .  Bottom covered abou t  70% 

by c a s t l e  P o r i t e s ,  20% f i n g e r  P o r i t e s  and 10% P o c i l l o p o r a .  Depth i s  abou t  

40 f t .  Moving toward t h e  l i g h t h o u s e  a t  Cook P o i n t ,  approx imate ly  t h e  same 

70% cover  by c a s t l e  P o r i t e s ;  enormous c o l o n i e s  of  t h e  yel low form a r e  
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p r e s e n t ;  t h e  c o l o r  o f  t h e s e  range  from ye l low t o  a  purple-brown. As one 

l o o k s  deeper  t h e  bottom drops  o f f  s t e e p l y ,  and a long  t h e  s i d e s  f i n g e r  

P o r i t e s  dominate.  

No. 6: About 50 y a r d s  o f f s h o r e ,  abou t  28" t o  Napoopoo L i g h t .  The 

bottom cover  i s  100% c o r a l  w i t h  t h e  c a s t l e  P o r i t e s  dominant.  I t  c o v e r s  

abou t  70% w i t h  t h e  remainder 30% f i n g e r  P o r i t e s .  P o c i l l o p o r a  heads  a r e  

s c a t t e r e d  s p a r s e l y .  The dep th  i s  60 f t .  We a r e  approximately  30' o f f  

some temple r u i n s .  

No. 7: Looking under t h e  n a t u r a l  b r i d g e  toward s h o r e ,  abou t  hal fway 

between Keawekaheka P o i n t  and Cook P o i n t ,  l a r g e  v o l c a n i c  b o u l d e r s  form a 

small beach;  t h e s e  a r e  comple te ly  covered by melobes io id  a l g a e .  The rocks  

below t h e  c l i f f  a t  h i g h  t i d e  l i n e  a r e  covered w i t h  p a r t i a l l y  dead 

m e l o b e s i o i d s  and they seem i n t e r t i d a l l y  r e s t r i c t e d .  J u s t  p a s t  t h e  s t o n e  

a r c h ,  go ing  e a s t ,  t h e  bottom i s  q u i t e  sha l low f o r  t h e  same r e l a t i v e  d i s t a n c e  

from s h o r e .  The bottom i s  approx imate ly  60% c o r a l  covered.  There i s  no 

s i g n  o f  any a l g a e .  P o c i l l o p o r a  i s  dominant,  cover ing  15% of t h e  view, 

w h i l e  c a s t l e  P o r i t e s  i s  growing i n  c r u s t s  i n  about  5% of  t h e  view. Moving 

deeper ,  s e v e r a l  sand  pocket^ appear  and P o c i l l o p o r a  i s  20% and c a s t l e  

P o r i t e s ,  15%. No f i n g e r  c o r a l s  v i s i b l e ;  t h e  s u b s t r a t e  i s  l a r g e ,  rounded 

v o l c a n i c  b o u l d e r s  w i t h  i n t e r m i t t e n t  sand pocke t s .  

No. 8: 27" and 9"  on  b o t h  p o i n t s ,  abou t  70 y a r d s  o f f s h o r e ,  dep th  

50 t o  60 f t .  The cover  i s  75% f i n g e r  and 25% c a s t l e  P o r i t e s ;  d e p t h  80 t o  

90 f t ;  bottom almost  e n t i r e l y  covered by f i n g e r  P o r i t e s  w i t h  s c a t t e r e d  

P o c i l l o p o r a  heads .  

No. 9: Off t h e  p o i n t  w i t h  second s e t  o f  r u i n s  ( r u i n s  number one o f f  

kiawe g r o v e ) ;  about  80% cover  by t h e  c a s t l e  P o r i t e s  and 20% cover  by f i n g e r  

P o r i t e s .  There a r e  l a r g e ,  m o s t l y  b a r r e n  v o l c a n i c  bou lders  e v e r y  now and 



then;  depth about 40 f t .  

No. 10: About 20 yards o f f sho re ,  coming t o  ru ins  number 2. Depth i s  

20 f t .  The bottom i s  covered by l a r g e ,  rounded volcanic  boulders  on which 

smal l ,  yel low Poc i l l opora  co lonies  a r e  do t t ed  about a s  a r e  very t i n y  young 

co lon ie s  of  yellow c a s t l e  P o r i t e s ;  one o r  two s c a t t e r e d  Echinothr ix .  

Echinothr ix  i s  becoming more abundant. 

No. 11: About 50 yards o f f sho re ,  2" o f f  t he  channel.  The depth i s  

30 t o  40 f e e t ;  b r ight -ye l low c a s t l e  P o r i t e s ,  Poc i l lopora  growing on and 

among them; s c a t t e r e d  f i n g e r  P o r i t e s  a l s o .  About 50% cover by c o r a l s ;  

20% c a s t l e  P o r i t e s  and 15% evenly d iv ided  between f i n g e r  P o r i t e s  and 

Poc i l l opora .  

No. 12: This i s  temple number 2,  a r e a  3, and we a r e  4" o f f  the  

r u i n s .  The bottom i s  about 20% c o r a l  covered; depth about 30 f t .  About 

10% coverage by Poci l lopora  and 7 o r  8% cover by P o r i t e s  c r u s t s .  No f i n g e r  

P o r i t e s  p re sen t ;  depth about 30 f t  and t h e  s u b s t r a t e  i s  smooth l a v a  wi th  

only a  few boulders .  I n  the  c racks  of  t he  lava  i s  a ca lcareous  and vo lcan ic  

rock mixture  of sand. 

No. 13: 60 yards o f f sho re  of t he  small  l i g h t  which i s  about 2 " .  The 

bottom i s  about 70% c o r a l  covered, 30% volcanic  rock and boulders .  The 

c o r a l  coverage i s  about 50% c a s t l e  P o r i t e s ,  10% Poci l lopora  heads. Off 

Cook Po in t  a r e  s eve ra l  20 - f t  diameter  co lon ie s  of c a s t l e  P o r i t e s ;  depth 

about 35 f t .  Due nor th  on Napoopoo Light .  

No. 14: Transect  p a r a l l e l  t o  the  shore.  Depth i s  about 25 f t .  The 

bottom i s  covered by rounded boulders ;  moving p a r a l l e l  t o  t h e  r u i n s  j u s t  

t o  the  e a s t  o f  Napoopoo Light .  There i s  an average of one Echinothr ix  

u rch in  f o r  every f i v e  views through the  box. The depth v a r i e s  cons iderably  

due t o  c r ev ices  i n  the  rocks; approximately 30% cover by c a s t l e  P o r i t e s  i n  

patchy c r u s t s .  



There i s  l i t t l e  P o c i l l o p o r a  and no f i n g e r  c o r a l .  Most ly  b o u l d e r s .  

Depth i s  2 5  t o  30 f t ,  abou t  1 0 X c o v e r  by P o c i l l o p o r a .  Now 807, o f  t h e  
I 
I bottom i s  covered by c a s t l e  P o r i t e s ,  10'2, by f i n g e r  P o r i t e s  and 104 by 
I 

P o c i l l o p o r a .  The bottom i s  100% covered w i t h  c o r a l .  Now i s  a  patchy 

sand  channel  w i t h  v e r y  l i t t l e  c o r a l ,  on ly  s c a t t e r e d  c a s t l e  P o r i t e s .  Now 

a  mound of  40% f i n g e r  P o r i t e s ,  50% c a s t l e  P o r i t e s  and abou t  10'X P o c i l l o p o r a .  

Now o f f  of  t h i s  mound o n t o  sand and r u b b l e  r o c k .  Volcan ic  rock ,  6 - inch  

1 d i a m e t e r  pa tchy  c o l o n i e s  o f  c a s t l e  P o r i t e s .  Now moving up on to  a n o t h e r  

mound a r e a  of  about  70% f i n g e r  and 3OX c a s t l e  P o r i t e s .  The bottom i s  

100% covered ;  d e p t h  i s  70 t o  80 f t .  

Deeper, t h e  bottom i s  covered by 100% f i n g e r  P o r i t e s ,  commonly 

dominant on t h e  deeper  s l o p e s  below about  60 o r  70 f e e t .  The f i n i s h i n g  

a n g l e  i s  32" on t h e  r u i n s  and 30" on t h e  l i g h t ;  about  30 y a r d s  o f f  a  smal l  

p o i n t .  

No. 15: 31" t o  r u i n s  on t h e  p o i n t ,  due n o r t h  t o  t h e  p o i n t .  Moving 

around t h e  p o i n t ,  l a r g e  v o l c a n i c  b o u l d e r s  a t  30 f t  d e p t h .  Three  o r  f o u r  

E c h i n o t h r i x  i n  any one view;  no o t h e r  s e a  u r c h i n s ;  m e l o b e s i o i d  a l g a e  

e n c r u s t i n g  some o f  t h e  b o u l d e r s .  Large P o r i t e s  c a s t l e s  abou t  10 f t  i n  

d iamete r  a r e  q u i t e  numerous. Now 100fX cover  by c o r a l ;  50% f i n g e r  P o r i t e s  

and 50% c a s t l e  P o r i t e s ;  no P o c i l l o p o r a  around t h i s  p o i n t  y e t .  Now about  

70% c a s t l e  and 30% f i n g e r  P o r i t e s .  More E c h i n o t h r i x ,  some b a r e  r o c k ,  some 

dead c a s t l e  P o r i t e s .  Under t h e  c a s t l e s  a r e  numerous E c h i n o t h r i x .  Now 

100% cover  by about  50% f i n g e r  and 50X c a s t l e  P o r i t e s .  Now we have dead 

c a s t l e  c o l o n i e s  i n  t h e  c e n t e r  and l i v i n g  on t h e  o u t e r  m a r g i n s .  Severa l  

were  s e e n .  Now moving i n t o  100% cover  by f i n g e r  P o r i t e s ;  h e r e  and t h e r e  

a r e  s c a t t e r e d  c a s t l e  P o r i t e s .  C a s t l e  P o r i t e s  more numerous, 100% cover by 

c o r a l ,  about  50% f i n g e r  and 50% c a s t l e  P o r i t e s .  Now 100% f i n g e r  P o r i t e s ;  
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s h a l l o w  d e p t h s  a r e  a lmos t  100% covered by c a s t l e  P o r i t e s ;  between i s  a  

changing p i c t u r e  o f  t h e  two. Dead f i n g e r  P o r i t e s  i s  i n t e r m i t t e n t .  Now 

80% cover  by P o c i l l o p o r a .  

No. 16: Zone 5 ,  32" on Cook's Monument and 24" on  t h e  p o i n t  seaward 

o f  t h e  monument; abou t  25 y a r d s  o f f s h o r e ,  dep th  i s  20 f t .  The f i n g e r  c o r a l s  

a r e  broken and dead;  t h e s e  c o r a l s  a r e  a l l  s t r ewn on t h e i r  s i d e s .  C a s t l e  

c o r a l  i s  dead w i t h  o n l y  p a t c h e s  o f  l i v i n g  m a t e r i a l .  S c a t t e r e d  H e t e r o c e n t r o t u s  

i n  among t h e  c o r a l ,  w i t h  s e v e r a l  l o g s ,  s t e e l  b a r s  and s o  f o r t h  l e f t  i n  t h e  

w a t e r .  A r u b b l e  o f  r o c k  i s  p r e s e n t  o f f  a  l edge  o f  dead c o r a l .  H e t e r o c e n t r o t u s  

and E c h i n o t h r i x  a r e  q u i t e  abundant i n  t h e  c r a c k s  around t h e  dead c o r a l .  

Onto a  l edge  30 t o  40 m e t e r s  from t h e  monument i s  l i v i n g  c a s t l e  P o r i t e s .  

J u s t  o f f  Cook's Monument t h e  c o r a l  i s  a l l  dead,  b u t  does n o t  appear  a s  

broken up. 

Now i s  a n  a r e a  o f  broken c o r a l ;  deeper ,  many p a r t s  broken away from 

t h e  l a r g e  c o l o n i a l  masses  l i e  on t h e i r  s i d e s  i n  t h e  c r e v i c e s .  The c o r a l  

i s  m o s t l y  dead; t h e  f i n g e r  v a r i e t y  broken up t h e  most .  Moving t o  zone 7 ;  

s t i l l  dead c o r a l s .  C a s t l e  P o r i t e s  and f i n g e r  P o r i t e s  p r e s e n t ,  b u t  t h e  

dead i s  m o s t l y  f i n g e r .  Assoc ia ted  w i t h  t h e  dead c o r a l  a r e  E c h i n o t h r i x  

and H e t e r o c e n t r o t u s ;  t h e  l a t t e r  i s  more abundant;  some sand pocke t s  p r e s e n t .  

I n  among t h e  broken and dead c o r a l  a r e  l i v i n g  f i n g e r s  coming up.  The 

bottom i s  a t  l e a s t  90% covered w i t h  c o r a l .  

C a s t l e  P o r i t e s  i s  dominant a t  t h e  end o f  t h i s  t r a n s e c t ;  23" on t h e  

monument. 

No. 17: 6" t o  t h e  f a l l e n  rock  and 27" t o  Cook's Monument. V i s i b i l i t y  

i s  q u i t e  b l u r r e d  by f r e s h  w a t e r .  We a r e  i n  a n  a r e a  o f  100% sand;  a lmost  

e n t i r e l y  v o l c a n i c  e x c e p t  i n  wave-cuts  t h e r e  a r e  c a l c a r e o u s  p a r t i c l e s .  

S p o t t y  cover  by c a s t l e  P o r i t e s .  Now about  50% f i n g e r  P o r i t e s  cover ,  40% 



7 4  

b l a c k  sand and 1.0% c a s t l e  P o r i t e s ;  abundant H e t e r o c e n t r o t u s  mammillatus 

i n  t h e  f i n g e r  P o r i t e s ;  channe l  o f  b l a c k  sand;  t h e n  a  m i x t u r e  o f  80% f i n g e r  

and 20% c a s t l e  P o r i t e s .  E c h i n o t h r i x  does n o t  appear  p r e s e n t  h e r e ;  r i d g e s  

one a f t e r  a n o t h e r  o f  c a s t l e  P o r i t e s  mounds w i t h  f i n g e r  P o r i t e s  a l o n g  i t s  

margin;  between a r e  b l a c k  sand channe l s ;  dep th  30 f t .  26" on  Cook's 

Monument and due n o r t h  on bottom end of  f a l l e n  r o c k .  

No. 18: D i r e c t l y  o u t  from t h e  f a l l e n  rock .  Depth i s  40 f t ;  m o s t l y  

b l a c k  sand w i t h  b a s a l t  r i d g e s  and b o u l d e r s .  Some cover  by f i n g e r  and 

c a s t l e  P o r i t e s ,  t h e  l a t t e r  i s  dominant.  End i s  50 y a r d s  o f f  t h e  bottom 

end o f  t h e  beach i n  f r o n t  o f  t h e  f a l l e n  rock .  

No. 19:  27" on  Cook's Monument and 9"  on t h e  b a s e  o f  t h e  h e i a u .  

Depth i s  20 f t ;  a t  l e a s t  1 0  H e t e r o c e n t r o t u s  mammillatus p e r  view; c r o s s i n g  

a r e a s  o f  dead r e e f  w i t h  l a r g e  P o r i t e s  mounds. Almost e v e r y  h o l e  has  a  

H e t e r o c e n t r o t u s  and numerous o t h e r s  a r e  s c a t t e r e d  i n  t h e  open; 15 t o  20 

p e r  view; no f i s h  o r  f i n g e r  P o r i t e s  a r e  p r e s e n t ;  r a r e l y  a  P o c i l l o p o r a  head 

i s  p r e s e n t  i n  t h e  l a r g e  c a s t l e  P o r i t e s  c o l o n i e s .  The bottom i s  l i t e r a l l y  

covered w i t h  H e t e r o c e n t r o t u s .  

No. 20: 20" on Cook's Monument, 9" on t h e  b a s e  o f  t h e  h e i a u .  The 

dep th  and s u b s t r a t e  and t h e  amount o f  u r c h i n s  a r e  j u s t  abou t  t h e  same as 

c i t e d  go ing  i n t o  t h i s  zone. There a r e  a l o t  o f  d a r k  sand channe l s  h e r e .  

Now 60% cover  by f i n g e r  P o r i t e s ,  10% cover  by c a s t l e  P o r i t e s  and t h e  r e s t  

i s  b l a c k  sand w i t h  s c a t t e r e d  l a v a  r u b b l e .  Now we a r e  l o o k i n g  down a t  100% 

l a v a  r u b b l e .  Now 95% l a v a  r u b b l e ,  5% s m a l l  s c a t t e r e d  c a s t l e  P o r i t e s  

c o l o n i e s .  Now 10% f i n g e r  P o r i t e s .  Now 100% sand which i s  a lmos t  e n t i r e l y  

v o l c a n i c  r o c k  sand snd s l i g h t l y  g r e y i s h  due t o  c a l c a r e o u s  m a t e r i a l s ;  s t i l l  

100% sand .  27" on t h e  monument and 9  t o  10' on t h e  b a s e  o f  t h e  he iau .  The 

a r e a  i s  t u r b i d  due t o  sand;  t h e  w a t e r  i s  v e r y  mi lky  and t u r b i d .  



NO. 21: Off a  p i l e  o f  l a r g e  l a v a  b o u l d e r s  p i l e d  a g a i n s t  t h e  s h o r e .  

S t i l l  100% s a n d .  Most ly  v o l c a n i c  sand, b u t  t h e r e  i s  a l s o  q u i t e  a b i t  o f  

c a l c a r e o u s  o r i g i n .  We a r e  due s o u t h  o f  t h e  rocks  a t  t h e  end o f  a  r i d g e  

runn ing  down t o  t h e  beach.  

No. 22: S t i l l  100% sand cover .  23" from t h e  b i g  rock  i n  f r o n t  o f  

t h e  h e i a u .  Now r i d g e s  o f  v o l c a n i c  rock  covered e n t i r e l y  w i t h  v a r i o u s  

c o r a l s ;  abou t  60% P o c i l l o p o r a ,  30% c a s t l e  P o r i t e s  and t h e  remainder i s  

b a r e  rock ;  no f i n g e r  P o r i t e s  i n  t h i s  a r e a ;  r i d g e s  and t h e n  a n  a r e a  o f  sand,  

and t h e n  a n o t h e r  r i d g e .  It appears  abdut  30 t o  40 f t  between r i d g e s ,  and 

t h e  r i d g e s  a r e  abou t  10 t o  20 f t  a c r o s s .  Depth i s  8 f t  and now 100% l i v i n g  

c o r a l .  How i t  drops  t o  abou t  25 f t  and 100% cover  by sand.  9" on t h e  

s p i r e  and 30" on t h e  monument; approximately  o f f  t h e  s t a t e  p i e r .  

No. 23: Napoopoo Harbor;  3" on t h e  s t a t e  p i e r  and 10" on  t h e  church  

s p i r e .  Depth i s  20 f t ;  bottom 100% covered by c o r a l .  I n  g e n e r a l ,  t h e  

c o r a l  cover  i s  v a r i o u s  on t h i s  t r a n s e c t .  Along much o f  i t  t h e r e  i s  an 

a lmos t  t o t a l  dominance (80-95%) by c a s t l e  P o r i t e s ,  dep th  20-30 f t .  F i n g e r  

P o r i t e s  g e n e r a l l y  has  10% coverage,  b u t  50% i s  o c c a s i o n a l l y  no ted .  Only 

s c a t t e r e d  heads  o f  P o c i l l o p o r a  a r e  p r e s e n t .  

The a r e a  o u t  p a s t  t h e  c o r a l  abou t  50 y a r d s  o f f s h o r e  appears  w h i t e  

on t h e  a e r i a l  pho tographs ,  and t h i s  i s  p robab ly  due t o  t h e  w h i t e  sand h e r e .  

Every th ing  t h a t  a p p e a r s  d a r k  c l o s e r  t o  s h o r e  on  t h e  pho tos  i s  s o l i d  l i v i n g  

c o r a l ;  t h e r e  i s  no r o c k  v i s i b l e .  Coral  covers  t h e  r o c k  100%. The end o f  

t h i s  r u n  i s  abou t  75 y a r d s  o f f s h o r e .  It i s  2" on t h e  p i e r  and 29" on 

Cook's Monument. 

No. 24: Cook's Monument i s  33",  t h e  l i g h t h o u s e  i s  31" and t h e  church  

s p i r e  i s  6" .  Depth i s  20 f t ;  cover  by l i v i n g  P o r i t e s  c a s t l e s .  As dep th  

i n c r e a s e s  s o  does f i n g e r  P o r i t e s .  50% c a s t l e  a t  a  d e p t h  o f  30 f t .  Now 



100% coverage by f i n g e r  P o r i t e s ;  a r a t h e r  open growth form, v e r y  long- 

branched w i t h  d a r k  a r e a s  i n  between t h e  f i n g e r s ;  h i g h l y  branched.  Now 

50% f i n g e r ,  50% c a s t l e  P o r i t e s ,  t h e n  i n t o  sand p o c k e t s .  l o  on Cook's 

Monument and 5" on t h e  s p i r e .  I n  20 f t  o f  w a t e r  i s  80% c a s t l e  and 20% 

f i n g e r  P o r i t e s .  Now 30 f t  w i t h  abou t  80% f i n g e r  and about  20% c a s t l e  

P o r i t e s .  

No. 25: 3" on  t h e  s p i r e  and 31" on Cook's Monument. Depth i s  30 f t ;  

s c a t t e r e d  w h i t e  sand p a t c h e s  on smooth v o l c a n i c  l a v a ;  some sha l low l e d g e s .  

Th is  a r e a  i s  q u i t e  a n  i r r e g u l a r  underwater  c l i f f - t y p e  t e r r a i n .  Many 

H e t e r o c e n t r o t u s  and many E c h i n o t h r i x  a r e  p r e s e n t .  Approximately 10% 

cover  by c a s t l e  P o r i t e s .  

No. 26: 33" on Cook's Monument and 2" on t h e  church s p i r e ;  v o l c a n i c  

rock  much of  which h a s  smal l  channe l s  carved i n t o  i t  by s e a  u r c h i n s ;  many 

H e t e r o c e n t r o t u s  down i n  t h e  c r a c k s  and t h e  bottom cover  i s  about  15% 

c a s t l e  P o r i t e s  e x c e p t  where i t  d rops  i n t o  deeper  w a t e r .  A t  a  dep th  o f  30 

t o  35 f t  i s  sand-covered r o c k  w i t h  no c o r a l  o r  a l g a e  p r e s e n t .  

D i r e c t l y  o f f  o f  Manago's c o t t a g e ,  200 m from s h o r e ,  dep th  60 t o  70 

f t ,  t h e  cover  i s  a lmos t  e n t i r e l y  f i n g e r  P o r i t e s .  

No. 27: 3" on t h e  s p i r e  and 32" on Cook's Monument; abou t  150 y a r d s  

o f f  Palemano P o i n t .  Depth i s  abou t  30 f t .  P o c i l l o p o r a  cover  about  45%. 

P o c i l l o p o r a  heads now 10% coverage,  and we a r e  g e t t i n g  10% cover  by c r u s t s  

o f  c a s t l e  P o r i t e s ,  and now 5% P o c i l l o p o r a  and t h e  r e s t  i s  v o l c a n i c  l a v a  

flow. Th is  h a s  q u i t e  h i g h  r i d g e s  t h a t  come up w i t h i n  10 f t  o f  t h e  s u r f a c e ,  

t h e n  drop back t o  30 t o  40 f t .  Down i n  t h e  30 f t  dep th ,  t h e r e  i s  10% 

cover  by c a s t l e  P o r i t e s .  There a r e  o n l y  small heads  i n  t h i s  a r e a .  

No. 28: 33" on Cook's Monument and 4' on t h e  s p i r e ;  l a r g e  rounded 

b o u l d e r s ,  worn by heavy s u r f ;  abou t  80% cover  by b a r e  rock .  S c a t t e r e d  
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P o c i l l o p o r a  heads  make abou t  5% cover ;  a n o t h e r  5% by c a s t l e  P o r i t e s  and 

t h e  remainder  i s  sand pocke t s  and r u b b l e  f ragments .  5" on t h e  s p i r e  and 

35" on  Cook's Monument. 

No. 29:  Off Palemano P o i n t ;  3" on t h e  s p i r e  and 33" on Cook's 

Monument, abou t  50  y a r d s  o f f s h o r e .  Depth i s  50  f t .  S u b s t r a t e  i s  v o l c a n i c  

l a v a  w i t h  l a r g e ,  s c a t t e r e d  l a v a  b o u l d e r s .  Cover i s  abou t  40% c a s t l e  and 

15% f i n g e r  P o r i t e s .  Large E c h i n o t h r i x  u r c h i n s  a r e  q u i t e  numerous. There 

i s  much l e s s  c o r a l  on t h e  top  o f  t h e  bou lders  t h a n  on  t h e  s i d e s  and i n  t h e  

c r e v i c e s .  The p e r  c e n t  cover  i s  about  t h e  same on around t h e  p o i n t .  

4. Kaawaloa Cove underwater  t r a n s e c t  No. 1. Two underwater  t r a n s e c t s  

were made i n  Kealakekua Bay f o r  t h i s  a s p e c t  of t h e  s t u d y .  Both were 

l o c a t e d  i n  Kaawaloa Cove and were r u n  i n  a s i m i l a r  manner u s i n g  t h e  same 

techn iques .  

The t r a n s e c t  l i n e  ( a  nylon l i n e  on a  r e e l ,  w i t h  l e a d  weigh t s  and 

l a b e l s  a t  one-meter i n t e r v a l s )  was weighted a t  t h e  bottom w i t h  an i r o n  

b a r  t h a t  was dropped bhen t h e  p roper  dep th  was reached .  The l i n e  was 

used t o  check t h e  dep th  gauge used;  t h a t  i s ,  t h e  S p i r o t e c h n i q u e  dep th  

gauge was checked a g i n s t  a  l i n e  o f  known l e n g t h  and found t o  be a c c u r a t e  

w i t h  no e r r o r  a t  1 6  m e t e r s  dep th .  

The t r a n s e c t  l i n e  was t h e n  p u l l e d  o u t  toward t h e  s h o r e  and t h e  

r e e l  was d e p o s i t e d  on t h e  s h o r e .  

Divers  went down w i t h  r e c o r d i n g  and pho tograph ic  equipment t o  t h e  

d e e p e s t  p a r t  o f  t h e  t r a n s e c t  l i n e  ( i n  b o t h  c a s e s  1 6  m e t e r s )  and recorded  

o b s e r v a t i o n s  were made a s  t h e  d i v e r  p rogressed  up t h e  t r a n s e c t  l i n e  i n t o  

s h a l l o w e r  w a t e r .  The o b s e r v e r  used a  hand l e v e l  t o  de te rmine  s l o p e  o f  

l i n e  and a r e e l e d ,  m e t a l  t a p e  t o  measure t h e  s i z e s  o f  c o r a l  heads ,  

d e p r e s s i o n s  between heads ,  and t h e  e x t e n t  o f  v e g e t a t i o n .  



I n  c a s e s  where v e g e t a t i o n  was measured a  l i n e - i n t e r c e p t  method was 

used,  l o o k i n g  down i n t o  t h e  spaces  between t h e  f i n g e r s  o f  c o r a l .  

T r a n s e c t  No. 1 (F ig .  12 ) i s  50 m e t e r s  i n  l e n g t h .  It b e g i n s  a t  a  

dep th  o f  1 6  m e t e r s  and heads  due n o r t h ,  t e r m i n a t i n g  a t  t h e  prominent rock  

f i n g e r  t h a t  j u t s  o u t  e a s t  o f  ~ m i ' s  Well. 

F i g u r e  12 i n d i c a t e s  t h e  bottom p r o f i l e  w i t h  c o r a l  types  and 

v e g e t a t i o n  t y p e s  shown. Above t h e  l i n e ,  p l a n t s  a r e  noted by l e t t e r s .  

Below t h e  l i n e ,  animal t y p e s  a r e  noted a c c o r d i n g  t o  legend.  

I n  g e n e r a l ,  t h e  s l o p e  o f  t h e  bottom i s  20 t o  30 degrees ,  w i t h  some 

pocke t s  and hol lows no more t h a n  two m e t e r s  deep and m o s t l y  l e s s  than  t h a t .  

The lower end o f  t h e  l i n e  i s  predominate ly  f i n g e r  c o r a l .  The mid-depths 

a r e  main ly  f i n g e r  c o r a l  mixed w i t h  c r u s t o s e  and c a s t l e  P o r i t e s ,  w h i l e  t h e  

sha l low d e p t h s  above f o u r  m e t e r s  a r e  c h a r a c t e r i z e d  by c r u s t o s e - c o r a l l i n e -  

covered rock  w i t h  a  few P o c i l l o p o r a  heads .  

Sea u r c h i n s  become more f r e q u e n t  w i t h  d e c r e a s i n g  d e p t h .  H e t e r o c e n t r o t u s  

i s  more wide ly  d i s t r i b u t e d ,  w h i l e  E c h i n o t h r i x  i s  l o c a l i z e d  i n  d e p t h s  o f  

s i x  m e t e r s  o r  l e s s .  Two o t h e r  s p e c i e s  of u r c h i n  o c c u r ;  one w i t h  banded 

s p i n e s  and one w i t h  w h i t e  s p i n e s  and a  p ink  body. 

The a l g a l  growth i s  d i s t r i b u t e d  between t h e  f i n g e r s  o f  t h e  f i n g e r  

c o r a l  and i n  t h e  c r a c k s  t h a t  r u n  through c a s t l e  P o r i t e s .  The a l g a l  

m a t e r i a l  i s  l o c a l i z e d  i n  mats t h a t  occur  on  t h e  f o r k s  o f  t h e  branched 

f i n g e r s  o f  c o r a l .  The lower ,  dead p o r t i o n s  o f  t h e  f i n g e r  P o r i t e s  a r e  

covered w i t h  melobes io ideae  and squamariaceae;  a l s o  Microdic tyon and 

Amansia and o t h e r s  t h a t  were n o t  c a r e f u l l y  s t u d i e d .  

The a l g a e  were dominant i n  terms o f  a r e a  covered o n l y  i n  t h e  

uppermost f o u r  m e t e r s  where they  formed a  c r u s t  o f  h e a v i l y  grazed p l a n t s .  

Th i s  was main ly  one s p e c i e s  o f  melobes io id ,  pe rhaps  P o r o l i t h o n  oncodes. 



THESE ARE ESTIMATES MADE USING GRID VIEWER 

EST 100 FT 
100 4b FINGER 

PORITES PUKOENSIS (SHELF) I 
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SAMPLE 4 
EST 6 0  FT 
7 0 %  FINGER 
30% CASTLE 10% FINGER 

W T E R  VIEW 1 1 1 
I CASTLE PORITES DOMINANT (PARALLEL 'IRANSECT 

BROKEN CORPlL 

m , -Q -::o O a - X 3  - 15 CM - 0 3 3 C M  

DISTANCE ( M  ) 

FIGURE 12. Kaawaloa Cove underwater transect No. 1. 
(DIADEMA in Sample 1 should read ECHINOTHRIX.) 
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I n  o r d e r  t o  emphasize t h e  importance o f  t h e  deep w a t e r  a l g a l  

v e g e t a t i o n  and i t s  p r o b a b l e  c o n t r i b u t i o n  t o  t h e  p r o d u c t i v i t y  o f  t h i s  a r e a ,  

s e v e r a l  d e t a i l e d  t r a n s e c t s  were r u n  w i t h  a hand r u l e  t h a t  r e a d  i n  i n c h e s .  

These a r e  l i s t e d  as s u b - t r a n s e c t s  A, B,  C and D. Of t h e s e  s u b - t r a n s e c t s ,  

A,  B and D were r u n  o v e r  f i n g e r  P o r i t e s .  S u b - t r a n s e c t  C was over  a  

c r u s t o s e  P o r i t e s  w i t h  c r a c k s  i n  i t .  I n  a l l  c a s e s  i t  can be s e e n  t h a t  

e i t h e r  a s  much a s  50% of  t h e  l i n e - i n t e r c e p t  was p l a n t  m a t e r i a l  o r , p a r t i c u l a r l y  

where c r u s t o s e  forms were examined, t h e  a l g a l  growth was abou t  25% due t o  

t h e  s m a l l e r  p r o t e c t e d  c r a c k s .  

It was f e l t  t h a t  impor tan t  a l g a l  r e s e a r c h  cou ld  p r o f i t a b l y  i n v o l v e  

q u a n t i f y i n g  t h e  T o l y p i o c l a d i a  mats  between t h e  f i n g e r s  and t h e  s u b - d i s t a l ,  

r e e f - f o r m i n g  c r u s t o s e  p o p u l a t i o n s .  

The r e l a t i o n s h i p  between t h e  d e t a i l e d  s u b - t i d a l  t r a n s e c t  shown h e r e  

and t h e  v i s u a l  t r a n s e c t s  i s  i n d i c a t e d  by t h e  d a t a  i n  t h e  s q u a r e s ,  where 

dep th  and t h e  p e r c e n t a g e  o f  cover  was e s t i m a t e d  u s i n g  a  g r i d  viewer .  The 

p a r a l l e l - t o - b e a c h  sample a r e a  i s  i n d i c a t e d  by n o t a t i o n s  i n  a  double box. 

5. Kaawaloa Cove underwater  t r a n s e c t  No. 2 .  T r a n s e c t  No. 2 i s  35 

m e t e r s  i n  l e n g t h .  I t  beg ins  a t  a  dep th  o f  16 m e t e r s  and heads due w e s t ,  

t e r m i n a t i n g  a t  t h e  seaward c o r n e r  o f  t h e  cement dock i n  f r o n t  o f  Cook's 

Monument. 

F i g u r e  1 3  i n d i c a t e s  t h e  bottom p r o f i l e  w i t h  c o r a l  types  and 

v e g e t a t i o n  shown. 

Above t h e  l i n e ,  p l a n t s  a r e  i n d i c a t e d  by l e t t e r s .  Below t h e  l i n e ,  

animal  t y p e s  a r e  no ted  a c c o r d i n g  t o  t h e  l egend .  

The c o r a l  i n  t h i s  a r e a  i s  l i m i t e d  t o  t h e  a r e a  above about  s i x  

m e t e r s  where f o r m a t i o n s  occur  above a  l edge .  Below t h i s  dep th  t h e r e  a r e  

s c a t t e r e d  c o r a l s ,  b u t  t h e s e  a r e  smal l  and d i d  n o t  show up on t h e  t r a n s e c t .  



ESTIMATES MADE USING GRID VIEWER 

PORITES COMPRESW (FINGER) 

BROKEN FINGER 

FINGER 

15 FT EST 6 FT EST 

MATERIAL 80% DEAD CASTLE 
(ROCK?) 

PORITES PUKOENSIS (CRUST 1 c;/ 
CORAL RUBBLE 

HETEROCENTROUS MAMMILLATUS -4 
ECHINOTHRIX I LARGE 

COLONY 

DEAD ORGANISMS FISH a ME -6 
LINE CROSSED 

CRUSTOSE CORALLINES n 
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DICTYOTA 

TURBINARIA ORNATA 

LEDGE WITH 
FISHES B CWfAL 

I OF A IOJ CM TRNSECT DETAIL - 16 
l W T  50% WS DEAD 

DISTANCE ( M  ) 

FIGURE 13. Kaawaloa Cove underwater transect No. 2. 
(DIADEMA in Sample 1 should read ECHINOTHRIX.) 



The r u b b l e  and c o r a l  f ragments  below t h e  l e d g e  s u p p o r t  a  s i z a b l e  p o p u l a t i o n  

o f  a l g a e ,  p a r t i c u l a r l y  down i n  t h e  c r a c k s  between t h e  r o c k s  and even under  

t h e  r o c k s .  On f i r s t  examinat ion,  however, t h e  a r e a  looks  ve ry  b a r r e n  and 

even has  a  f i n e  w h i t i s h  s i l t  d e p o s i t e d  o v e r  i t  a s  though t h e  a r e a  was 

somewhat s t a g n a n t  and f r e e  o f  c u r r e n t s .  

S u b - t r a n s e c t  A was r u n  j u s t  i n s i d e  t h e  l e d g e ,  and i t  i n d i c a t e s  t h a t  

a l o n g  a  42- inch  s u b - t r a n s e c t ,  about  50% o f  t h e  c o r a l  i s  dead.  Presumably 

t h i s  i s  due t o  damage when s h i p s  anchor w i t h  a bow l i n e  i n  t h i s  a r e a .  It 

would seem p r u d e n t  t o  p u t  a  s i n g l e  o r  pe rhaps  two anchor  buoys i n  t h i s  

a r e a  t o  a v o i d  t h e  damage t h a t  i s  o b v i o u s l y  produced by i n d i v i d u a l  s h i p s  

p u t t i n g  down an  anchor .  Also noted was t h a t  t h e  g lass -bo t tom b o a t s  have 

d i v e r s  who b r e a k  o f f  p i e c e s  o f  c o r a l .  

Urch in  d i s t r i b u t i o n  i s  s i m i l a r  t o  t h a t  shown i n  F i g u r e  13.  

I n  g e n e r a l ,  i t  seemed t h a t  t h e r e  was a  l o t  o f  broken c o r a l  i n  t h i s  

a r e a ,  p a r t i c u l a r l y  broken f i n g e r  c o r a l .  The rounded heads o f  c a s t l e  

P o r i t e s  were "worn" o r  "abraded" i n  some i n s t a n c e s .  There i s  some problem 

i n  q u a n t i f y i n g  t h i s  damage i n  an o b j e c t i v e  way. Th is  cou ld  perhaps  be 

approached l a t e r  a s  a d i s t i n c t  problem i n  i t s e l f .  

A r e d - a l g a l  mat was n o t  n o t i c e d  i n  between t h e  f i n g e r s  o f  t h e  c o r a l  

on t h i s  t r a n s e c t .  

There  i s  a  q u e s t i o n  h e r e  as t o  whether  t h e  r u b b l e  below t h e  l e d g e  

on t h i s  t r a n s e c t  i s  t h e  r e s u l t  o f  r e p e a t e d  anchor ing ,  o r  i f  i t  i s  a  

n a t u r a l  phenomenon. We d i d  n o t  n o t i c e  f i v g e r  c o r a l  l e d g e s  o f  t h i s  s o r t  

e lsewhere ,  and a t  s i m i l a r  d e p t h s  on t h e  a d j a c e n t  t r a n s e c t ,  t h e  bottom was 

v e r y  d e n s e l y  covered  w i t h  f i n 8 e r  c o r a l . .  Is t h i s  l o n g  term damage t o  t h e  

c o r a l  o r  i s  i t  a n a t u r a l  phenomenon? 



6 .  D e s c r i p t i o n  o f  a r e a  from Palemano P o i n t  s o u t h  t o  Loa P o i n t .  

The s h o r e l i n e  a t  a d i s t a n c e  o f  30 t o  80 m e t e r s  from s h o r e  was surveyed by 

b o a t  w i t h  t h e  a i d  o f  a g lass -bo t tom view box (F ig .  11 ) from Palemano 

P o i n t  t o  Loa P o i n t ,  s o u t h  o f  Honaunau Bay. This survey  was n o t  q u a n t i t a t i v e ,  

b u t  r a t h e r  i t s  purpose  was t o  check t h e  g e n e r a l  p a t t e r n  and n o t e  g r o s s  

i r r e g u l a r i t i e s  i n  t h e  n a t u r e  o f  t h e  s u b s t r a t e ,  f l o r a  and fauna ;  t o  d e t e r -  

mine i f  t h e  bottom conformed i n  g e n e r a l  w i t h  t h e  a r e a s  more e x t e n s i v e l y  

surveyed i n  Kealakekua Bay. 

The s o u t h  s i d e  o f  Palemano P o i n t  a t  a  d e p t h  o f  10 m e t e r s  i s  a  

smooth v o l c a n i c  s h e l f  w i t h  numerous l a r g e  b o u l d e r s ;  no sand;  t h e  c r u s t  i s  

60% t o  70% exposed.  P o c i l l o p o r a  meandrina and P o r i t e s  pukoensis  ( c a s t l e  

P o r i t e s )  a r e  t h e  c o r a l s  p r e s e n t ;  going s o u t h ,  no sand observed a t  a l l .  

Oppos i t e  Keomo P o i n t  a sample o f  brownish-colored seaweed m a t t i n g ,  112 cm high,  

which covered o v e r  50% of  t h e  exposed p o r t i o n s  o f  t h e  b o u l d e r s  i n  

t h i s  area ,was  c o l l e c t e d  a t  a  dep th  o f  10 m e t e r s .  S i m i l a r  m a t t i n g s  were  

abundan t ly  no ted  on b o u l d e r s  from Palemano P o i n t  t o  Honaunau Bay. Other  

e n c r u s t i n g  seaweeds n o t  sc raped  o f f  f o r  i n s p e c t i o n ,  b u t  common a long  t h i s  

s h o r e l i n e ,  c o n s i s t e d  of s m a l l e r ,  more i s o l a t e d  p a t c h e s  o f  b l u e ,  g r e e n  and 

o range  hues .  

The sample c o l l e c t e d  was p r i n c i p a l l y  Laurenc ia  s p .  It c o n t a i n e d  a  

v e r y  r i c h  f l o r a l  a g g r e g a t i o n  o f  g r e e n ,  r e d ,  brown and b lue-green  a l g a e ,  

i n c l u d i n g  t h e  g e n e r a  Herposiphonia ,  E r y t h r o t h r i c h i a ,  Acrochaetium, 

Pseudobryopsis  (?) ,  S p h a c e l a r i a  and C a l o t h r i x .  

Near Kipu Rock t h e  bou lders  a v e r a g e  one mete r  i n  d iamete r  and a r e  

80% a l g a e - e n c r u s t e d ,  15% b a r e  and 5% coral -dominated.  From t h i s  p o i n t  

s o u t h  t o  Pehehoni P o i n t  t h e  s h o r e l i n e  b l u f f  i s  s p e c t a c u l a r  w i t h  a n  

abundance o f  sea -caves  and l a r g e ,  n a t u r a l  a r c h e s .  
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South o f  Kipu Rock and s u b s t r a t e  i s  100% boulder  covered ,  m o s t l y  

one-ha l f  m e t e r  i n  d iamete r .  Th i s  s i t u a t i o n  l e s s e n s ,  and Moinui P o i n t  has  

a n  80% smooth, b a r e  v o l c a n i c  f l o o r .  The b o u l d e r s  a r e  60% a l g a e  e n c r u s t e d ,  

and up t o  30% covered by c o r a l s .  The o n l y  a r e a  from Palemano P o i n t  t o  

Kanoni P o i n t  where sand was observed was on  t h e  n o r t h  f a c e  o f  Kanoni P o i n t  

where s e v e r a l  one-meter p a t c h e s  o f  g r a v e l l y  sand appeared.  

South o f  Kanoni P o i n t  t h e  b o t t o m i s a  g e n t l y - s l o p i n g  a g g r e g a t i o n  o f  

broken r o c k  w i t h  5% c o r a l  coverage,  o v e r  50% a l g a e  e n c r u s t e d .  O c c a s i o n a l l y  

t h e  b a r e  v o l c a n i c  c r u s t  i s  exposed f o r  p e r i o d s .  

At Pehehoni  P o i n t ,  t h e  s u b s t r a t e  a t  a  dep th  o f  10 m e t e r s  i s  sand 

w i t h  o c c a s i o n a l  l a r g e  bou lders  and numerous s m a l l e r  rocks .  The cover  i s  

20% P o c i l l o p o r a  and 10% c a s t l e  P o r i t e s .  Moving i n t o  Honaunau Bay, sand 

i s  no l o n g e r  p r e s e n t  and f i n g e r  P o r i t e s  (P. compressa) i s  seen.  

Sand p a t c h e s  c o n t i n u e  h e r e  and t h e r e  a l o n g  t h e  n o r t h  f a c e  o f  

Honaunau Bay; f i n g e r  P o r i t e s  becomes more abundant ,  and P o c i l l o p o r a  d rops  

o f f  comple te ly .  Enormous c o l o n i e s  o f  b r i g h t - y e l l o w  c a s t l e  P o r i t e s  appear .  

Colonies  t h i s  huge and c o l o r f u l  had n o t  been p r e v i o u s l y  observed s o u t h  o f  

Palemano P o i n t .  F i n g e r  P o r i t e s  grows a t  t h e  colony f r i n g e s .  Near t h e  

head o f  t h e  bay,  f i n g e r  P o r i t e s  i s  abundant a t  a  dep th  o f  f o u r  m e t e r s .  

Specimens o f  t h i s  s p e c i e s  a r e  r a r e  i n  Kealakekua Bay a t  such sha l low 

d e p t h s  . 
The s o u t h e r n  f a c e  o f  Honaunau Bay i s  n o t  t r a v e r s i b l e  by b o a t .  

Puuhonua P o i n t  d rops  o f f  s h a r p l y  w i t h  many v e r t i c a l  f a c e s  n e a r l y  b r e a k i n g  

t h e  s u r f a c e  i n  p l a c e s .  These d ramat ic  v e r t i c a l  f a c e s  a r e  unique t o  t h e  

e n t i r e  r e g i o n  surveyed ,  and a  r i c h  f i s h  p o p u l a t i o n  i s  p r e s e n t .  The s o u t h  

s i d e  o f  t h e  p o i n t  f l a t t e n s  o u t  somewhat, i s  80% b a r e  a t  a  dep th  o f  10 

m e t e r s .  Some sand p a t c h e s  appear  toward Alahaka Bay, b u t  t h e  bay i t s e l f  



i s  a  f l a t  s h e l f  of l ava  without  sand i n  evidence. The cover of t he  bay i s  

20% Poc i l l opora ,  30% c a s t l e  P o r i t e s  and a  token amount of f i n g e r  P o r i t e s .  

From t h e  bay t o  Loa Po in t ,  sand remains absen t ;  c a s t l e  P o r i t e s  i s  the  

dominant c o r a l  w i th  from 5% t o  10% cover .  The bottom i s  a  smooth b a s a l t  

f l o o r  w i th  occas iona l  l a r g e  boulders  he re  and t h e r e .  Some l a r g e  sea-caves 

and arches  a r e  p r e s e n t  a t  Loa Poin t .  



Chapter 5 

PLANKTON 

Plankton tows were made a t  s e v e r a l  s t a t i o n s  (F ig .14  ) i n  

Kealakekua Bay and envi rons .  A 45-cm d iameter  con ica l ,  "Norpac" s t y l e  

plankton n e t  w i t h  a pore s i z e  of 100 microns was used. It was towed 

by an  outboard motorboat i n  a  f i g u r e - e i g h t  p a t t e r n ,  a t  a  depth o f  one 

meter and speed o f  approximately 5 m.p.h. 

The d a t a  ob ta ined  (Tab le2  ) i n d i c a t e  t h e  reg ion  o f f  Cook's 

Monument i n  Kaawaloa Cove (S ta .  12) t o  be t h e  r i c h e s t  a r e a  i n  Kealakekua 

Bay i n  biomass of zooplankton. A t  t h i s  s t a t i o n ,  146 mg wet weight 

zooplankton per  cubic  meter of s ea  water  w a s  c o l l e c t e d ,  which compares (S t a .  18) 

wi th  t e n  mg i n  t he  open a r e a  200 meters  o f f s h o r e  midway between 

Kealakekua and Honaunau Bays. 

The r eg ion  o f f  Napoopoo Beach (S t a .  15) was towed on t h r e e  d i f -  

f e r e n t  d a t e s ,  and t h e  r e s u l t s  i nd i ca t ed  cons iderab le  v a r i a t i o n  i n  t h e  

s i z e  o f  t he  zooplankton popula t ion  presen t  a t  t he se  t imes;  ranging from 

19 t o  129 (mean 7 7 )  mg wet weight zooplankton per cubic  meter s e a  

water .  

It was noted t h a t  stomachs of  t h e  midwater daytime plankton-feeding 

f i s h  s p e c i e s ,  Cromis o v a l i s  and C, v e r a t o r ,  contained l i t t l e  food by 

comparison wi th  o t h e r s  caught near  Oahu, and i t  was thought t h i s  

might r e f l e c t  a  pauc i ty  of  zooplankton. 

The zooplankton-s ta t ion  l o c a t i o n s  (F ig .  1 4 )  a r e  descr ibed  below. 

S t a t i o n  11 i s  on a  l i n e  between Manini Beach Point  and Napoopoo 

L igh t ,  150 meters o f f  Cook Poin t .  



H A W A I I  

FIGURE 14. Plankton tow stations. 



TABLE 2 . The wet weight of zooplankton per cubic meter 
sea water at various times and locations. 

M3 3 Station Time M ~ / M  sett- Gms wet Mgs wet 
number sampled ling vol. weight wt/M3 



S t a t i o n  12 i s  80 meters  o f f sho re  between Cook's Monument and Umi's 

Well. 

S t a t i o n  13 i s  loca ted  100 meters  o f f  a  t a l u s  s lope  a t  t he  west 

end of Kaawaloa Cove. This  t a l u s  s lope  i s  brackish-water s t a t i o n  5 .  

0 
S t a t i o n  14 i s  pos i t ioned  ( i n  degrees magnetic) 280 t o  Napoopoo 

Light ,  115' t o  the church s p i r e  and 242' t o  the  t i p  of Palemano Po in t .  

S t a t i o n  15 i s  50 meters  o f f  t he  c e n t e r  of Napoopoo Beach. Tows 

were made a t  t h i s  s t a t i o n  on th ree  d i f f e r e n t  occasions,  and t h e  samples 

a r e  i nd ica t ed  a s  15A, 15B and 15C, r e s p e c t i v e l y .  

S t a t i o n  16 i s  ~ o s i t i o n e d  on a  l i n e  between Manini Beach Point  and 

Napoopoo Light ,  150 meters o f f  Manini Beach Point .  

S t a t i o n  1 7  i s  s i t u a t e d  on a l i n e  between Palemano Point  and 

Napoopoo L igh t ,  d i r e c t l y  o f f  (due west o f )  Manini Beach Poin t .  

S t a t i o n  18 i s  pos i t ioned  322' t o  Napoopoo Light ;  200 meters o f f -  

shore i n  f r o n t  of  a  f i s h i n g  shanty a t  Keomo Point .  

S t a t i o n  19 i s  a s  c lo se  t o  the  head of Honaunau Bay a s  towing per-  

mi t s .  



Chapter  6 

ALGAE 

General  c o n s i d e r a t i o n s  

There  a r e  no conspicuous  seaweed beds anywhere i n  Kealakekua Bay, 

and t h e  p a s s i n g  o b s e r v e r  might  conclude t h a t  b e n t h i c  a l g a e  a r e  n o t  p r e s e n t .  

The l i s t  o f  s p e c i e s  c o l l e c t e d  (Table  3) i s  b r i e f .  There was, however, on ly  

a s i n g l e  su rvey  d i r e c t l y  concerned w i t h  a l g a e  f o r ,  s i n c e  they  a r e  n o t  

consp icuous ,  t h e  p r e s e n t  p r o j e c t  d i d  n o t  r e q u i r e  more. However, i t  was 

f e l t  t h a t  were more e x t e n s i v e  i n v e s t i g a t i o n s  c a r r i e d  o u t ,  t h e  m a j o r i t y  o f  

Hawaiian s p e c i e s  cou ld  be found h e r e ,  b u t  growing o n l y  i n  minimal numbers. 

I t  would appear  t h e  normal b e n t h i c  a l g a l  r o l e  i s  r e p l a c e d  by z o o x a n t h e l l a e  

( d i n o f l a g e l l a t e s )  i n  t h e  e x t e n s i v e  c o e l e n t e r a t e  c o r a l  beds.  

The o n l y  conspicuous  a l g a  i n  Kealakekua Bay a t  d e p t h s  o v e r  t h r e e  

m e t e r s  i s  T u r b i n a r i a  o r n a t a .  G e n e r a l l y  i t  grows s i n g l y  amongst c a s t l e  

c o r a l  ( P o r i t e s  pukoens i s )  c o l o n i e s  and i n  t h e  s u p e r f i c i a l l y  impover ished 

s o u t h e r n  r e a c h e s  o f  t h e  bay. Algal  encrus tments  occur  abundan t ly  on 

b o u l d e r s  and dead c o r a l ;  and on t h e  b l u f f s  and exposed p o i n t s  o f  l a n d  

mee t ing  t h e  s e a ,  a  one-meter band o f  m e l o b e s i o i d  a l g a e  capped w i t h  

A h n f e l t i a  i s  wide ly  a p p a r e n t .  Cowries f e e d  n o c t u r n a l l y  i n  t h i s  A h n f e l t i a .  

Algae a r e  d i s c u s s e d  whenever a p p l i c a b l e  i n  Chapter  4 on underwater  

topography and i n  Chapter 3 ,  d e a l i n g  w i t h  b r a c k i s h  a r e a s .  I t  i s  noted i n  

Chapter  12 t h a t  seaweeds favored  by t u r t l e s ,  such a s  Sargassum, a r e  

g e n e r a l l y  a b s e n t ,  and t h i s  i s  advanced as a  p o s s i b l e  r e a s o n  f o r  t h e  d e a r t h  

o f  t u r t l e s  h e r e .  
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TABLE 3. Algal species recorded from Kealakekua Bay, June, 1968. 

CHLOROPHYTA: 

Chaetomorpha sp. 

Cladophora sp. 

Enteromorpha sp. 

Microdic tyon japonicum 

Ulva fasciata 

Valonia aegagropila 

Valonia ventricosa 

CYANOPHYTA: 

Calothrix sp . 
Hydrocoleum sp. 

Schizothrix calcicola 

PHAEOPHY TA: 

Dictyota divaricata 

Sargassum echinocarpum 

Sphacelaria sp. 

RHODOPHYTA: 

Acrochaetium sp. 

Ahnfeltia concinna 

Amansia glomerata 

Archaeol ithothamniurn sp . 
Erythrothrichia sp. 

Galaxaura apiculata 

Gelidium sp. 

Grateloupia phuquocensis 

Herposiphonia sp. 

Jania sp. 

Li thophyllum sp . 
Lithophyllum sp. 

Melobesioid sp. 

Peyssonnelia sp. 

Porolithon gardineri 

Tolypiocladia sp. 

Turbinaria ornata 

Zonaria variegata 



P o l l u t i o n  and seaweeds 

The l a c k  o f  beds o f  seaweed can  be t aken  as r e l a t e d  t o  low 

f e r t i l i z e r  c o n c e n t r a t i o n s  i n  t h e  bay. Whereas i n  Waikiki  seaweeds occur  

i n  v a r i o u s  q u a n t i t i e s ,  t h e y  a r e  ha rd  t o  f i n d  i n  any q u a n t i t y  i n  Kealakekua 

Bay. Yet i t  would appear  t h e r e  i s  a  v e r y  s u i t a b l e  environment f o r  a  heavy 

c o v e r ,  p a r t i c u l a r l y  i n  t h e  s o u t h e r n  r e a c h e s  o f  t h e  bay. Of p a r t i c u l a r  

n o t e  i s  t h e  near  absence o f  t h e  genus Ulva,  excep t  n e a r  t h e  hous ing  a r e a s  

and a t t a c h e d  a s  a  l u x u r i o u s  m a t  f r i n g i n g  t h e  g lass -bo t tom f l o a t  anchored 

by Cook's Monument i n  Kaawaloa Cove. 

Algal  beds a r e  o f t e n  conspicuous  i n  a r e a s  where f r e s h  w a t e r  and 

f e r t i l i z e r  a r e  in t roduced .  The p r i n c i p a l  among t h e s e  g r e e n  p o l l u t i o n  

i n d i c a t o r s  i s  t h e  p resence  o f  a n  a l g a l  c o r n u n i t y  dominated by t h e  genus 

Ulva,  n o t e d  above. Large g reen  a r e a s  o f  t h i s  s e a  l e t t u c e ,  o f t e n  becoming 

o f f - w h i t e  o r  y e l l o w i s h  i n  p a r t ,  cou ld  be expected t o  develop i f  a 

s i g n i f i c a n t  amount o f  f r e s h  w a t e r  and f e r t i l i z e r  were t o  p e r c o l a t e  i n t o  

t h e  bay,  o r  even i f  p rocessed  sewage were t o  be f u r n i s h e d .  

The development o f  a  p o l l u t i o n - t y p e  mar ine  community i n  Kealakekua 

Bay would mean l o s s  o f  much o f  t h e  p r e s e n t  Hawaiian marine  l i f e ,  and i n  

few o t h e r  a r e a s  i s  t h i s  marine  l i f e  more r e a d i l y  a c c e s s i b l e  t o  t h e  

i t i n e r a n t .  

A mar ine  s h o r e  a r e a  i n  b a l a n c e  suddenly  r e c e i v i n g  q u a n t i t i e s  o f  

f e r t i l i z e r  f l u s h e d  i n  w i t h  f r e s h  w a t e r  w i l l  a l t e r  i n  a d a p t i n g  t o  t h e  new 

c o n d i t i o n s .  The expected p a t t e r n  i s  f o r  a  s e r i e s  o f  n e a r - i r r e v e r s i b l e  

changes t o  o c c u r .  The f i r s t  changes  t o  be s e e n  a r e  i n  t h e  m i c r o s c o p i c  

a l g a l  organisms,  t h o s e  e s s e n t i a l  t o  t h e  l a r v a l  animal s t a g e s  and u t i l i z e d  

( a s  z o o x a n t h e l l a e )  by c o r a l  a d u l t s .  The r e s u l t s  a r e  newly dominant s p e c i e s  
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o f  t h e  s h o r t - l i v e d ,  f r e q u e n t l y  reproduc ing  k inds .  I n  t h i s  c a s e ,  t h e y  w i l l  

be t h o s e  r e l a t i v e l y  i n s e n s i t i v e  t o  o r  s t i m u l a t e d  by t h e  a d d i t i o n  o f  f r e s h  

w a t e r  and t h e  f e r t i l i z e r s  d e r i v e d  from sewage. I n  t h e  t r o p i c s  t h e s e  a r e  

u s u a l l y  members o f  t h e  Ulvaceae;  Enteromorpha i f  a  s t e a d y  supp ly  o f  f r e s h  

w a t e r  i s  i n v o l v e d ,  o r  Ulva i f  t h e  f r e s h  w a t e r  i s  l e s s  o r  p e r i o d i c  and 

c o n t a i n s  i n c r e a s e d  n i t rogenous  w a s t e s .  Thus, i t  i s  t h a t  a  s p l a s h  o f  

g r e e n  from t h e s e  seaweeds i n  f r o n t  o f  a  r e s i d e n c e  o r  bathhouse i n d i c a t e s  

p o l l u t i o n .  

An Ulva community i s  u s u a l l y  s t r a n g e l y  devoid o f  animal l i f e  o r  

much o f  any l i v i n g  m a t e r i a l  o t h e r  t h a n  t h e  seaweed Ulva i t s e l f .  Many 

e x p l a n a t i o n s  have been o f f e r e d  f o r  t h i s ,  b u t  wide v a r i a t i o n s  i n  t h e  oxygen 

c o n t e n t  o f  t h e  w a t e r  and t h e  p r o d u c t i o n  o f  t o x i c  m a t e r i a l s  a r e  two which 

do f u n c t i o n  t o  t h e  e x c l u s i o n  o f  an imals .  

With t h e  advent  o f  sewage d i s p o s a l  i n  Kealakekua Bay and such . 

p o p u l a t i o n s  a s  t h e  above a p p e a r i n g ,  t h e  n a t u r a l  food f o r  t h e  n a t i v e  

organisms d e c r e a s e s .  Thus, t h e  f i s h  and o t h e r  animal p o p u l a t i o n s  would 

d e c r e a s e  t o  t h e  e x t e n t  they  d i d  n o t  consume t h e  new a l g a l  p o p u l a t i o n  o r  

t h e  p o l l u t i o n  m a t e r i a l  d i r e c t l y .  

V e r t i c a l  z o n a t i o n  

The s i t e  concerned i s  abou t  f i f t y  f e e t  west  o f  t h e  f i r s t  canoe 

l a n d i n g  which one comes t o  i n  d r i v i n g  from t h e  s h o r e  road seaward a long  

t h e  road  l e a d i n g  t o  Palemano P o i n t .  The s u r f a c e s  concerned were  v e r t i c a l ,  

r i s i n g  from a  poo l .  Th i s  pool  had a r i s e n  a p p a r e n t l y  by t h e  removal o f  t h e  

h a l f - m e t e r  t h i c k  dome o f  a b l i s t e r  i n  t h e  l a v a .  

The bottom of  t h e  poo l  i s  o f  s o l i d  igneous  rock .  A t  low t i d e  on 

4-VI-1968, i t  was g e n e r a l l y  covered w i t h  one- t o  t e n - i n c h  f l a t t e n e d  
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boulders  having on them c o r a l l i n e  and Peyssonnel ia - l ike  spo t s  o r  coa t ings .  

These were seven inches below the  water su r f ace  a t  

was taken of t h e  a r e a  above t h e  water  l i n e  looking 

pool  from a  d i s t ance  of about e leven  f e e t  from the  

i n  t h e  photo. I n  t h i s  photo the  d i s t a n c e  from the  

t h i s  t ime. A photograph 

shoreward ac ros s  the  

f a r  edge which shows 

water t o  t he  bottom 

edge of the  barnac les ,  which show as  whi te  spo t s ,  i s  n ine teen  inches .  

Ulva r an  from four  inches below the  water l i n e  t o  about e i g h t  inches above - 
"XI 

it .  A band of Ahnfe l t i a  concinna (14972- ) up t o  eleven inches wide, 

"/ - Such numbers a r e  

extended on above the  

the  numbers on voucher specimens. 

t o  t he  barnac le  l e v e l s .  Tota l  he igh t  of t he  

barnac le  zone was about f i v e  inches.  I t  was s c a t t e r e d  over seaward-facing 

l e v e l s  a t  t h i s  same e l e v a t i o n  in land  f o r  a  d i s t ance  of f i f t e e n  o r  so f e e t  

on each v e r t i c a l  sea- fac ing  su r f ace .  When these  su r f aces  extended below 

t h a t  l e v e l ,  a t  l e a s t  i n  c racks ,  scrubby, stubby, small  Ahnfe l t i a  was 

p re sen t  i n  them. 

Throughout much of t he  Ulva zone Valonia aegagropi la  ( s ee  14976) 

was p r e s e n t ,  t he  being the  more dominant on the  northward and sun- 

f a c i n g  s lopes ,  t he  Valonia being the  more abundant on the  s lopes  shaded i n  

t h e  l a t e  a f te rnoon.  While not  i n  t hese  pool a r eas ,  nearby i n  t h e  en t rances  

and cracks  where the  same zonat ion was p re sen t  and t h e r e  was a  s t r o n g  

c u r r e n t ,  a  Gelidium appeared below t h e  Ulva. Where cons t an t ly  o r  nea r ly  - 
cons t an t ly  awash on the  wave-exposed shores ,  Colobocentrotus ( s e a  urchin)  

and c o r a l l i n e s  extended above Sargassum, though i n  some p l aces  t h e r e  was 

a  l i t t l e  Ulva below i t .  I n  pool en t rances  t h e r e  was cons iderable  

Ulva wi th  Sa r~assum j u s t  below t h e  Ulva and extended downward i r r e g u l a r l y  - 
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as much as one foot depending on exposure. On more seaward vertical faces, 

facing seaward and not on the pool and inland-facing otherwise similar 

steep or vertical surfaces, just above the Sargassum there was sometimes 

Grateloupia phuquocensis (14974) and various other fine algae (14973, 

14976) some of which were collected for identification as was fruiting 

Ahnfeltia (14972) and under its pendant branches Chaetomorpha (14975). 



Chapter 7 

CORAL 

August 5 ,  1968. Transect  from cove i n  f r o n t  of T.  Ashihara 's  

co t t age .  On the  a f te rnoon of  a r r i v a l  a  sk in-d iv ing  survey was made from 

the  s h o r e l i n e  a t  the  co t t age  t o  a  d i s t a n c e  approximately 150 meters  

o f f sho re .  The a r e a  s tudied  would comprise the  reg ion  encompassed between 

t h e  view box t r a n s e c t s  1 3  and 14 (Fig.  9 ) of the  i n i t i a l  i n v e s t i g a t i o n s .  

The a r e a  immediately ad jacent  t o  t he  co t t age  i s  a small  rocky cove. This 

i s  a  p ro t ec t ed  a rea ,  whereas t h e  a r eas  t o  each s i d e  a r e  exposed t o  t he  

f u l l  impact of the  s u r f .  The s u b s t r a t e  i n  the  cove i s  composed of l a r g e ,  

l oose  boulders ,  and temperature d i f f e r e n t i a l s  suggest  cons iderable  f r e s h  

water  i s  c a r r i e d  i n t o  the  cove (no samples were taken f o r  v e r i f i c a t i o n ) .  

Near the  mouth of the  cove t h e r e  a r e  lava  boulder r i dges  t h a t  a r e  

perpendicular  t o  the  shore.  These r idges  s e rve  a s  the  s u b s t r a t e  f o r  

heads of Poci l lopora  meandrina, g r e a t  masses of Palythoa sp .  ( a  s o f t  

c o r a l ) ,  and ex tens ive  co lonies  of the  a lcyonar ian  S a r c o t h e l i a  edmondsoni. 

This b io tope  i s  q u i t e  c h a r a c t e r i s t i c  of s i m i l a r  s u b s t r a t e  and exposure 

cond i t i ons  on both the  i s l a n d s  of Hawaii and Maui. The c o r a l s  i n  t h i s  

reg ion  a r e  we l l  w i th in  the  reg ion  f o r  f r e s h  water exposure dur ing  per iods  

of low t i d e s .  They occur below the  l e v e l  of scouring by s u r f  and depos i t s  

of sediments.  I t  i s  ev ident  t h a t  some of t he  P. meandrina heads 

occas iona l ly  s e t t l e  c l o s e  t o  shore ,  bu t  t hese  do not surv ive  f o r  long 

per iods  nor do they grow t o  any s i g n i f i c a n t  s i z e  i f  they do surv ive .  The 

r i d g e s  were found t o  extend t o  t h e  extreme margin of t he  survey (150 

meters  from shore ) .  The depth a t  t h i s  p o i n t  was 5-10 meters .  A t  t h i s  

p o i n t  t he re  occur  l a r g e  sand d e p o s i t s  between the  channels of  t h e  r idges  



which have tended t o  d iverge  from one another .  I n  t he  sand pockets  t h e r e  

occur  occas iona l  l ava  outcroppings which a r e  found t o  be colonized 

p r i n c i p a l l y  by the  enc rus t ing  c o r a l  P o r i t e s  pukoensis. These a r e  i s o l a t e d  

enc rus t ing  masses on the  boulders ,  and do not  form l a r g e  heads t h a t  a r e  

c h a r a c t e r i s t i c  of t h i s  spec i e s .  Near t he  base of each of t hese  masses 

one may a l s o  f i n d  two o r  t h ree  o t h e r  spec ies  of madreporarians l i s t e d  i n  

Table 4.  

TABLE 4 . Anthozoan fauna of Kealakekua Bay 
i n h a b i t i n g  the  reg ion  between Transects  13  and 14. 

1. From shore t o  150 meters ;  on lava  r idges ;  5-10 meters  
depth 

Poc i l l opora  meandrina 
Zoanthus sp .  
Sca rco the l i a  edmondsoni 

2 .  150 meters  and beyond i n  sandy surge channels ;  LO meters  
o r  g r e a t e r  i n  depth 

P o r i t e s  pukoensis 
P o r i t e s  compressa 
Poci l lopora  meandrina 
Poci l lopora  l i g u l a t a  
Montipora verrucosa 
Pavona va r i ans  
Pavona eyplana ta  
I 

Psammocora s t e l l a t a  
Lep t a s  t r e a  purpurea 

August 6 ,  1968. Underwater t r a n s e c t s  a t  Captain Cook Monument. 

Observat ions made by sk in-d iv ing  perpendicular  t o  the  landing a t  t he  

monument and a t  t h ree  o the r  p o i n t s  25 meters  t o  each s i d e  has made i t  

p o s s i b l e  t o  p o s t u l a t e  four  faunal  zones wi th in  the  upper 25 meters  depth. 

A f i f t h  zone has been appended from the  observa t ions  made by SCUBA d i v e r s  

a t  depths between 25 and 40 meters .  These zones may be considered t o  



comprise  t h e  r e g i o n  o f  Kaawaloa Cove, ex tend ing  between Cook P o i n t  and 

v iew box t r a n s e c t  4 (F ig .  9 1 .  

Zone 1. 0-5 m e t e r s  d e p t h .  Immediately a d j a c e n t  t o  t h e  s h o r e  and 

t o  d e p t h s  o f  abou t  5  m e t e r s  ( t h e  h o r i z o n t a l  e x t e n t  o f  t h i s  and a l l  o t h e r  

z o n e s  depends upon t h e  s t e e p n e s s  o f  t h e  s l o p e  i n  t h e  p a r t i c u l a r  r e g i o n )  

t h e r e  i s  a  d i s t i n c t  c o r a l  f auna  composed o f  P o r i t e s  pukoens i s .  Both o f  

t h e s e  s p e c i e s  a r e  found a s  s c a t t e r e d  c o l o n i e s  e n c r u s t i n g  masses  o f  r u b b l e  

i n  t h i s  a r e a .  The zone i s  e a s i l y  recognized  by t h e  p r e s e n c e  o f  conspicu-  

o u s l y  l a r g e  heads o f  P o c i l l o p o r a  meandrina.  This  s p e c i e s  i s  r a r e l y  found 

o r  comple te ly  a b s e n t  a t  d e p t h s  g r e a t e r  t h a n  5  m e t e r s .  The s o f t  c o r a l  

P a l y t h o a  s p . ,  and t h e  a l c y o n a r i a n  S a r c o t h e l i a  edmondsoni a r e  a l s o  p r e s e n t  

i n  t h i s  zone,  a s  i n  t h e  su rvey  made a t  t h e  o p p o s i t e  end o f  t h e  bay.  I t  

was no ted  t h a t  immediately i n  f r o n t  o f  Umi's Well g r e a t  masses  o f  t h e  

c o r a l  Pavona e x p l a n a t a  were p r e s e n t .  Elsewhere i n  Hawaii t h i s  s p e c i e s  

o n l y  o c c u r s  a s  i s o l a t e d  clumps. I n  t h i s  zone heads approx imate ly  10 

m e t e r s  i n  c i rcumference  and 1-1/2  m e t e r s  h i g h  o c c u r .  I t  i s  a p p a r e n t l y  

l i m i t e d  i n  i t s  upward d i s t r i b u t i o n  by t h e  t i d a l  l e v e l ,  Near t h e  boundary 

o f  t h i s  zone w i t h  t h e  f o l l o w i n g  one o c c a s i o n a l  clumps o f  t h e  s o l i t a r y  

c o r a l  Fungia  s c u t a r i a  were found. These o c c u r r e d  i n  c r e v i c e s  between t h e  

l a r g e r  c o r a l  and a l g a l  masses .  

Zone 2. 5-10 m e t e r s  dep th .  Th is  zone i s  recognized  as t h e  P o r i t e s  

pukoens i s  zone.  I t  beg ins  a s  s p a r s e  c o l o n i e s  on t h e  e n c r u s t i n g  c o r a l l i n e  

a l g a e  and l a v a  b o u l d e r s  i n  Zone 1; b u t  w i t h i n  t h i s  r e g i o n  l a r g e  masses o f  

t h i s  c o r a l  c o n s o l i d a t e  much o f  t h e  r u b b l e .  T h i r t e e n  o t h e r  s p e c i e s  (6  

genera )  o f  c o r a l s  p r e s e n t e d  i n  Tab le  5  comprise t h e  madrepora r ian  fauna  

o f  t h i s  zone. I n  c o n t r a s t  o n l y  7 s p e c i e s  (5 genera )  were  recognized  a s  

occupying Zone 1. 



Zone 3 ,  10-15 meters  depth.  This seems t o  be a con t inua t ion  

of Zone 2 ;  but t h e r e  i s  l e s s  d i v e r s i t y  i n  t h e  spec i e s  composition of 

t he  c o r a l s .  P o r i t e s  pukoensis i s  the  dominant form, and t h e  

s u b s t r a t e  i s  more uniformly covered wi th  c o r a l .  Near the  base of t he  

heads of 2. pukoensis and i n  t he  c r ev ices  a r e  shee t s  of enc rus t ing  

Pavona va r i ans  and Lep ta s t r ea  purpurea. 

TABLE 5 . Coral  spec i e s  occurr ing  a t  Kealakekua Bay 

i n  Kaawaloa Cove 5-10 meters  i n  depth.  (Zone 2)  

Species  Frequency 

P o r i t e s  pukoensis 

P o r i t e s  compressa 

Psammocora s t e l l a t a  

Pavona explanata  

Pavona sp.  

Pavona c lava  (? )  

Pavona minuta -- 

Pavona v a r  i ans  

Cyphastrea o c e l l i n a  

Leptas t rea  purpurea 

Montipora verrucosa 

Montipora sp .  c f .  s t u d e r i  

Mont ipora c o l e i  (o r  pranulosa)  

Lep tose r i s  hawaiiensis  

f+H- ubiqui tous  

-ii+ common 

tt occas iona l  

+ r a r e  
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Zone 4. 15-20 meters depth. An intensive survey of this region 

was not carried out because of the depth. The horizontal distribution 

of this region may be very variable. In front of the monument it is 

extensive, but at Cook Point and Umi's Well it is restricted. It is 

possible to draw the conclusion that penetration of light and tempera- 

ture may be important in establishing the limits. The amount of 

rubble and disturbance by winter surf and currents may also be equally 

important. The zone is recognized by the abundance and almost uni- 

versal coverage by the highly branching coral Porites compressa. Most 

of it was found to be dead, but in almost all instances the terminal 

branches were alive. The base of the colonies is most frequently dead, 

and this provides substrate for the encrustose forms Leptoseris 

hawaiiensis and Pavona varians. Both of these species are similar in 

their growth patterns and habits. At the lower end of the depth of 

this zone Mbntipora colei (or granulosa) may grow around the branches 

or completely cbver colonies of Porites compressa. 

Zone 5. 25-40 meters depth. Wherever there is a continuing 

slope (extending to the bottom which ultimately becomes sand and loose 

rubble) great sheets and plates of Montipora colei (or granulosa) 

occur. This fragile, plate-like coral grows over other materials on 

the slope, and hence prevents other species from growing outward or 

upward. It seems more likely that the distribution of this species in 

the vertical direction is limited by light penetration, temperature and 

possibly food. Any one of these may serve as an isolating mechanism, 

or they may act together. 

Napoopoo transect parallel to shore. A shallow water transect 

within the region covered by view box transect 9 (Fig. 9 ) extending 
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approximately 100 meters from the Heiau to the boat ramp was made. The 

depth of the water at this area was found to be a maximum of 5-6 meters 

and approximately 50 meters from shore. This region is similar to the 

conditions prevailing in front of the cottage (Transect 13 and 14). 

The lava is eroded such that there are surge channels perpendicular 

to the shore. Between the walls of adjacent channels fine sand and 

loose gravel are abundant. Hence the area supports little coral growth 

in contrast to that found at the opposite end of the bay. Coral is 

restricted to the sides and upper ridges of the channels. 

A brass chain was stretched along the bottom of the transect. 

2 At 5-meter intervals the population of corals (1 m ) on each side of 

the chain was recorded. This method was found impractical, and 

ultimately only the record of the presence of a species at a particular 

point was recorded. 

In analyzing the records from this transect one is immediately 

impressed by the homogeneity of the coral and anthozoan population. 

It has provided additional evidence that the subjective zonal regions 

established at Cook Monument also exist at other regions in the bay. 

Although the presence of sand in this area seemed to preclude the 

application of zonation to the corals, the presence of boulders or 

lava ridges provided adequate substrate for colonization throughout 

the length of the transect. Eight species of coral, soft coral or 

alcyonarians were found along this transect. The three dominant species 

(occurring in 33-50% of the sample areas) were Pocillopora meandrina, 

Porites pukoensis and Montipora verrucosa. Lower frequency of 

occurrence for Palythoa sp, Sarcothelia edmondsoni, Leptastrea purpurea, 

Pavona varians and Pocillopora ligulata were also found (10-25%). 



Seaward from t h i s  t r a n s e c t  t he  bottom topography was found t o  

be a  g e n t l e  s lope  f o r  long d i s t a n c e s .  The bottom i s  c h i e f l y  sand, 

and occas iona l  l a r g e  boulders  a r e  found t o  support co lon ie s  of c o r a l s  

and s o f t  c o r a l s .  On one such boulder (100 meters from shore)  a  l a r g e  

colony of Poci l lopora  eydouxi (syn. P. modurnanensis) was found. This 

i s  a  spec ies  t h a t  i s  r a r e l y  found i n  shallow water .  They have branches 

up t o  3 f e e t  i n  length  and a r e  very  s t o u t .  This  s o l i t a r y  specimen has 

branches approximately 2 f e e t  i n  length .  It is  i s o l a t e d  by the  

surrounding sand a t  a  depth of about 10 meters .  

August 7 ,  1968. Underwater c o r a l  survey us in^ t r a n s e c t s  and 

quadra ts .  Employing t h e  procedure from the  survey above, a  s i m i l a r  

technique was followed f o r  more ob jec t ive  assessment of t he  c o r a l  

zonat ion a t  Cook Po in t ,  Umi's Well and the  a rea  between view box 

t r a n s e c t  4 and 5 ( F i g .  9 ) .  Measurement of depth and d i s t a n c e  from 

shore were poss ib le  us ing  t h i s  method, whereas prev ious ly  these  were 

es t imated .  

The da t a  a t  Cook Poin t  i s  summarized i n  Figure 15.  This i s  an 

exposed a r e a  and swel l s  and s u r f  a r e  preva len t .  The ang le  of descent  

i s  s t eep .  Poc i l lopora  meandrina was found t o  be represented  i n  17% of 

t h e  quadrats  and comprised about 14% of t he  t o t a l  spec i e s  recorded.  

However, it can be seen i n  F igu re15  t h a t  t h i s  spec i e s  i s  p r i n c i p a l l y  

r e s t r i c t e d  t o  the  f i r s t  8-10 meters  from t h e  sho re l ine .  An occas iona l  

head was found t o  occur  w i t h i n  the  f i r s t  20 meters ,  but  t h i s  i s  thought 

t o  be due t o  unusual s u b s t r a t e  cond i t i ons .  The records  o f  2. pukoensis 

show t h a t  t h i s  spec i e s  ove r l aps  the  range of d i s t r i b u t i o n  of  P. 

meandrina, but t h a t  i t  i s  much more ex tens ive  i n  i t s  d i s t r i b u t i o n .  I t  

should be noted t h a t  t h e  ove r l ap  could be accounted f o r  by depth a lone .  
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FIGURE 15. Kealakekua Bay underwater coral 

survey. Transect from shore seaward at Cook Point, 

August 7, 1968. 
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FIGURE 16.  Kealakekua Bay uriderwater c o r a l  su rvey .  

T r a n s e c t  a t  ~ m i ' s  Well,  August 7 ,  1968. 
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FIGURE 1 7 .  Kealakekua Bay underwater  c o r a l  su rvey .  

Between view box t r a n s e c t s  4 and 5. 



The region occupied by 2. meandrina i s  t he  upper 2-5 meters ;  whereas 

P. pukoensis was not represented  i n  any quadra t  samples u n t i l  t he  - 
depth was 5 meters  o r  g r e a t e r .  This  spec i e s  comprises 36% of  t he  

quadrat records ,  and about 30% of the t o t a l  spec i e s  over t h e  e n t i r e  

range inves t iga t ed .  The congener g. compressa was found t o  be loca ted  

a t  a  d i s t ance  of 20 meters  from shore,  and then  cont inued throughout 

t h e  remaining samples. It a l s o  appears t o  be r e l a t e d  t o  depth of the  

water ,  because i t  f i r s t  appeared i n  t he  t r a n s e c t  a t  a  depth of 7 meters  

( t h i s  i s  borne out  i n  t he  o t h e r  sampling a r e a s ) .  It comprises 17% of 

the  quadrats  f o r  t h i s  t r a n s e c t ,  and 14% of t he  spec i e s  composition. 

These t h r e e  spec i e s ,  t h e r e f o r e ,  r ep re sen t  65-70% of the  c o r a l  populat ion 

f o r  t h i s  p a r t i c u l a r  reg ion .  S i x  o the r  spec i e s  a r e  represented  i n  t h i s  

sample, but only Cvphastrea o c e l l i n a  and Pavona v a r i a n s  occur wi th  

reasonable frequency. 

The t r a n s e c t s  made a t  Umi's wel l  and between view box t r a n s e c t s  

4 and 5 a r e  summarized i n  Figures  16 and 17. These f i g u r e s  demonstrate 

t h a t  t he  observa t ions  made a t  Cook Point and the  previous eva lua t ion  

of t h e  zones was indeed v a l i d ,  the only d i f f e r e n c e  being t h a t  Pavona 

va r i ans  i s  much more common i n  these  two t r a n s e c t s  than a t  Cook Poin t .  

The information shown i n  Figure 17 can be somewhat misleading.  It 

tends t o  i n d i c a t e  a  genera l  homogeneous populat ion of c o r a l s  f o r  a  

wide range. This i$ indeed t r u e ;  bu t  the  s i z e  and numbers of  specimens 

a t  any time i s  l e s s  than found i n  e i t h e r  of the  o t h e r  t r a n s e c t s .  This  

can be a sc r ibed  t o  t h e  loose rubble  and sand i n  t h i s  a r e a .  There is a  

very wide t a l u s  s lope  formed from the  rocks f a l l i n g  from the  surrounding 

c l i f f .  The a r e a  i s  t h e r e f o r e  very  s i m i l a r  t o  the  condi t ions  found a t  

t he  boat landing i n  Napoopoo. This  a r e a  seems t o  be l e s s  d i s tu rbed  



by s u r f  and swe l l  than  a t  Napoopoo. This  may be due t o  a  p r o t e c t i o n  

a f fo rded  by Cook Po in t  d e f l e c t i n g  and damping waves a s  they en t e r  

t h e  cove. 



Chapter  8 

MARINE MOLLUSCS 

I n t r o d u c t i o n  

The marine  m o l l u s c s  o f  Kealakekua Bay may w e l l  be u n p a r a l l e l e d  i n  

any o t h e r  s i m i l a r l y  c i rcumscr ibed  a r e a  i n  t h e  Hawaiian I s l a n d s  i n  a 

number o f  impor tan t  r e s p e c t s .  These i n c l u d e  s p e c i e s  d i v e r s i t y ,  

d e n s i t i e s ,  p e c u l i a r i t i e s  i n  f a u n a l  composi t ion and h a b i t a t  d i f f e r e n c e s .  

A t o t a l  of approx imate ly  170 s p e c i e s  were i d e n t i f i e d  from t h e  bay.  

Examples o f  p e c u l i a r i t i e s  i n  f a u n a l  composi t ion would i n c l u d e  t h e  

s n a i l s ,  Gibbula  marmorea and Lep to thyra  v e r r u c a ,  which a r e  among t h e  

dominant e p i f a u n a l  e lements  i n  t i d e p o o l s  and s h a l l o w  w a t e r s  on Kauai 

and Oahu, b u t  a r e  v i r t u a l l y  a b s e n t  i n  Kealakekua Bay. Although n o t  

cons idered  p a r t i c u l a r l y  abundan t ,  t i g e r  cowries  (Cypraea t i a r i s )  and 

t r i t o n ' s  trumpet (Charonis  t r i t o n i s )  were c o l l e c t e d  a t  d e p t h s  o f  10 

f e e t ,  whereas t h e y  a r e  found a t  d e p t h s  of 30 t o  40 f e e t  o f f  Kauai and 

Oahu. Opih i  ( C e l l a n a  sandwichens i s )  and a u g e r  s h e l l s  (Terebra )  were 

2 v e r y  abundan t ,  t h e i r  d e n s i t i e s  e s t i m a t e d  a t  68/m and 30 t o  40/m*, r e -  

s p e c t  i v e l y .  

These and o t h e r  phenomena c o n t r i b u t e  t o  making t h i s  survey o f  

marine  mol luscs  of Kealakekua Bay o f  bo th  g k n e r a l  and p a r t i c u l a r  b 

c a l  i n t e r e s t .  

Three  g e n e r a l  t y p e s  o f  h a b i t a t  a r e  recognized  i n  t h i s  account  

t h e  

i o l o g i -  

h i k h  s h o r e l i n e ,  i n t e r t i d a l  c l i f f s  and benches ,  and s u b t i d a l  r e a c h e s .  

Each o f  t h e s e  i s  t h e n  subd iv ided  i n t o  more s p e c i f i c  h a b i t a t  types .  

D e s c r i p t i o n s  o f  t h e  l o c a l i t i e s ,  h a b i t a t s  and a s s o c i a t e d  s p e c i e s  a r e  



given below. Numbers correspond t o  those of t h e  l o c a l i t y  maps (F igs .  

8 and 18 ) ,  and Figs.19 t o 2 5 r e p r e s e n t  s e c t i o n s  through t h e  h a b i t a t s  

from some of t h e  base p o i n t s .  

The High Shore l ine  

SPRAY ZONE. The spray  zone, termed a l s o  t h e  upper shore o r  

s u p r a l i t t o r a l  o r  s t r a n d ,  i s  recognized a s  t h e  seaward f r i n g e  of  

Kealakekua Bay, and c o n s i s t s  o f  lower reaches  of a  s t r a n d  f l o r a  of 

coconut and kiawe t r e e s  and t h e  shrub,  naupaka (Scaevola) .  From Napoopoo 

Light  t o  Palemano P o i n t ,  the  s u b s t r a t e  i s  comprised of  black pahoehoe 

(smooth) b a s a l t  (Fig.  8 , Zone I ) ,  sand parches (Zone 3)  and loose rock 

and rubble  (Zones 7 & 9 ) .  

Despi te  i t s  appa ren t ly  bar ren  and dry s u r f a c e ,  populat ions of 

some of the zoo log ica l ly  most i n t e r e s t i n g ,  a l s o  t he  most c o l o r f u l ,  marine 

molluscs  a r e  found h e r e ,  inc lud ing  the pdlmofiates, Melampus and Pedipes ,  

and t h e  minute prosobranch, Assiminea. These molluscs  a r e  not  uniformly 

d i s t r i b u t e d ,  bu t  r a t h e r  a r e  found i n  co lon ie s  among loose  rocks  and 

rubble .  Often t h e i r  d e n s i t i e s  exceed 100/mL. The s n a i l s  remain con- 

cea led  under rubble  and rocks and i n  c r e v i c e s  dur ing  t h e  day, but a t  

n igh t  and on cloudy days swarm over t he  rocks appa ren t ly  feeding on de- 

caying vege t a t i on  and fungi .  

SPLASH ZONE. The sp l a sh  zone i s  def ined  he re  a s  t h a t  f r i n g e  of 

t h e  high s h o r e l i n e  wet ted  by sp l a sh  o r  waves approximately once dur ing  

each 24-hour pe r iod ,  and which i s  covered by water  dur ing  extremely 

h igh  s u r f  o r  t i d e  cond i t i ons .  The s u b s t r a t e  c o n s i s t s  c h i e f l y  of a  

r e l a t i v e l y  smooth pahoehoe bench from Napoopoo Light  t o  Cook's Monument 

(Fig.  8 , Zones 1-3) ,  and a l t e r n a t e l y  of rough, p i t t e d  a a  lava bench 
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LAVA SHOULDER 

FICIRE 18. Diagram o f  mol luscan  h a b i t a t s .  S e c t i o n s  through 

t-he v:iriolls h a b i t a t s  a r e  i n d i c a t e d  by Roman numerals .  
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FIGURE 19. Sec t ion  of Napoopoo c l i f f  a r ea  ( I ) .  



and pahoehoe from Manini Beach t o  Palemano Point  (Zones 10-16) ,  ex- 

cavated v a r i o u s l y  by shallow pools  and narrow c rev ices .  Four genera 

of s n a i l s  a r e  c o n s i s t e n t l y  found i n  the  sp l a sh  zone, and a l l  a r e  more 

c l o s e l y  t i e d  t o  the  ocean than a r e  the  s n a i l s  of the  spray zone be- 

cause of t h e  occurrence of pe l ag ic  v e l i g e r  l a rvae  during t h e i r  l i f e  

h i s t o r i e s .  The genera a r e  L i t t o r i n a ,  P e a s i e l l a ,  Ner i ta  and Siphonar ia .  

Two l i t t o r i n e s  ( L i t t o r i n a  p i c t a  and L. pintado)  a r e  found on t h e  

su r f ace  of t he  s u b s t r a t e ,  and the  shoreward f r i n g e s  of t h e i r  popula- 

t i o n s  may encroach on those of Melampus and Pedipes i n  the  spray zone. 

The d e n s i t i e s  of  t h e  l i t t o r i n e s  a r e  es t imated  a s  approximating 864/m2. 

The small  t r o c h i d - l i k e  l i t t o r i n i d ,  P e a s i e l l a  t a n t i l l a ,  occurs  i n  pools 

o r  damp c r e v i c e s  w i th in  t h e  zone. These h igh  pools appear t o  be sub- 

j e c t  t o  high temperatures and high s a l i n i t i e s &  Seaward of the  l i t t o r -  

ines  i s  t he  p i p i h i ,  Ner i ta  p i c e a ,  and the pulmonate l impet ,  Siphonaria  

2 normalis .  N e r i t i d  d e n s i t i e s  a r e  es t imated  a s  approximating 572/m , 
2 and those  of  Siphonaria  l e s s  than 200/m . Both Ner i ta  and Siphonaria  

move wi th  the  t i d e ;  U moving shoreward j u s t  ahead of the  incoming 

t i d e  and seaward a s  the  water  recedes ,  whi le  i nd iv idua l s  of  Siphonaria  

become a c t i v e  but  move only s h o r t  d i s t a n c e s .  Another s n a i l  found i n  

l e s s e r  d e n s i t i e s  wi th  t h e  n e r i t e  and the  pulmonate l impet i s  the  boring 

mur ic id ,  Nucella harpa,  which d r i l l s  i n  s h e l l s  of both Neri ta  and 

S  iphonar i a  . 

I n t e r t i d a l  C l i f f s  and Benches 

EXPOSED H I G H  CLIFFS. The c l i f f s  o r  b l u f f s  comprising Cook Point  

r i s e  some 15 f e e t  o r  more above mean sea  l e v e l .  The seaward face  of 

these  c l i f f s  i s  covered wi th  pink c o r r a l i n e  a l g a e .  It rece ives  not  



only the  f u l l  fo rce  of waves e n t e r i n g  the  bay, but  i s  sub jec t  t o  water  

cover a t  t i d e s  g r e a t e r  than one foo t .  Only one mollusc was seen on 

the  c l i f f  f a c e ,  t he  o p i h i ,  Cellana sandwichensis.  I t s  dens i ty  was 

2 68/m . Associated wi th  i t  i s  t he  sh ing le  u rch in ,  Colobocentrotus ,  i n  

even g r e a t e r  d e n s i t i e s .  

SEA-LEVEL SHORELINES. The b a s a l t  s h o r e l i n e  which f r i n g e s  the  bay 

a t  sea  l e v e l  from the  south corner  of  Cook Poin t  t o  a  point  nor th  of 

Cook's Monument, and no r th  from Manini Beach t o  Palemano Po in t ,  i s  

a l s o  s u b j e c t  t o  wave a c t i o n  and t o  water  coverage a t  high t i d e s .  How- 

eve r ,  i t  i s  cha rac t e r i zed  by a  more d i v e r s e  b i o t a  than  a r e  t he  c l i f f s .  

Opihi i s  aga in  the  dominant mollusc i n  t h i s  h a b i t a t ,  but  i s  p resent  i n  

f a r  fewer numbers than on the  c l i f f  f ace .  Other s n a i l s  i n  t h i s  a r e a  

include the  carnivorous mur ic ids ,  Nucella harpa ,  Thais  intermedia,  

Morula g ranu la t a  and Drupa r i c i n a ;  t h e  pulmonates, Siphonaria  normalis  

and Onchidium; and the  opis thobranch,  Smaraahinella ca lycu la t a .  A t  

n igh t  t he  c r ev ices  and overhanging edges of  t h i s  sho re l ine  abound wi th  

t h r e e  cowries:  t he  humpback (Cypraea maur i t i ana ) ,  the r e t i a u l a t e  

cowry (C. rnacul i fera)  and the  snakehead (C. capu t se rpen t i s ) .  

TIDEPOOLS. The s e a - l e v e l  s h o r e l i n e  descr ibed  above extends 

shoreward a s  a  s e r i e s  of benches f o r  d i s t a n c e s  of from 10 t o  50 f e e t .  

These benches a r e  studded wi th  t i depoo l s  which vary  i n  s i z e ,  exposure 

and b i o t a .  South of Cook's Monument (F ig .  20) they i n  general  support  

a  l e s s  abundant and l e s s  d ive r se  b i o t a  t han  do those  (Fig. 24) nor th  

of Manini Beach Poin t .  

The shoreward pools a r e  d i l u t e d  by f r e s h  water ,  e s p e c i a l l y  those 

near  Cook's Monument (Fig.  21) which encroach on the s t r and .  These 
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FIGURE 20. S e c t i o n  o f  bench and t i d e p o o l  a r e a  (11). 
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FIGURE 21. Section of boulder-bench shoreline (111). 



pools a r e  inhabi ted  by a  c h a r a c t e r i s t i c  molluscan fauna: the  n e r i t e  

( o r  ~ i ~ i h i ) ,  Theodoxus neg lec tus ,  t h e  c lus te rwink  ( a l s o  p i p i h i ) ,  

P lanaxis  l a b i o s a ,  and the  b iva lves ,  Pinctada m a r g a r i t i f e r a  and Isognomon 

ca l i forn icum.  Shoreward s a l i n e  pools a r e  inhabi ted  p r i n c i p a l l y  by 

n e r i t e s  and hermit  c r abs .  

The seaward t idepools  a r e  r i c h e r  than high shoreward pools ,  

harbor ing  a  d i v e r s i t y  o f  a lgae  and micromolluscs i n  a d d i t i o n  t o  l a r g e r  

s n a i l s  such a s  Cvpraea capu t se rpen t i s ,  Morula ochrostoma and M. 

p r a n u l a t a .  S e s s i l e  s n a i l s  a r e  a l s o  a  component of the pools .  For 

example, t he  b iva lve ,  Chama iostoma, i s  e a s i l y  recognized by i t s  massive 

white  s h e l l ,  the  l e f t  va lve  of which i s  cemented t o  the  substratum. 

Worm s h e l l s  of the  genus Se rpu lo rb i s  s tud  the s u b s t r a t e  of  the  pools ,  

t r a i l i n g  mucous threads  from the  a p e r t u r e s  of  t h e i r  s h e l l s .  

The undersurfaces of  loose rocks i n  the  t idepools  support a  more 

c o l o r f u l  and d ive r se  fauna than i s  found on t h e  su r f aces ,  f o r  he re  a r e  

found the  sponge-feeding opis thobranchs ,  Dendrodoris n igra  and 

Glossodoris  l i n e a t a ;  the  a l g a l - f e e d i n g  sacoglossan,  E lys i a ;  the  whi te  

b iva lve ,  Isopnomon perna ;  and micromolluscs such a s  Triphora and some 

t u r r i d s  . 

Sub t ida l  Reaches of  the  Bay 

The r i chness  of the  s u b t i d a l  reaches of Kealakekua Bay wi th  

r e s p e c t  t o  l a r g e ,  showy molluscs was s p e c t a c u l a r l y  demonstrated dur ing  

a  three-day f i e l d  t r i p  i n  October,  1968. With l i t t l e  e f f o r t  handsome 

specimens of Cvpraea t i g r i s ,  Charonia t r i t o n i s  and Cass is  cornuta  were 

found i n  the  bay a t  depths of l e s s  than  25 f e e t .  These molluscs 

r ep re sen t  but  a  small  f r a c t i o n  of  a  d i v e r s e  and abundant fauna occu r r ing  



w i t h i n  the  bay. 

CORAL-SAND RIDGES. On the  ex t ens ive  coral-sand shoulders  which 

p r o j e c t  seaward a t  a  g e n t l e  angle  from the  c l i f f s  and benches of 

Cook Point  (Fig.  19 ) ,  a  r i c h  assortment  of molluscs s tuds  t h e  sub- 

s t r a t e :  t he  s e s s i l e  gastropods,  Vermetus and Se rpu lo rb i s ;  t h e  b iva lve ,  

Chama. t h e  mobile ca rn ivo res ,  Conus d i s t a n s ,  C. miles ,  C. ebraeus ;  
- 9  

and C. r a t t u s ,  L a t i r u s  nodatus and C. t e r e s .  In t ens ive  c o l l e c t i o n  i n  

t h i s  a r e a  should provide many more small  bu t  c o l o r f u l  ep i f auna l  g a s t r o -  

pods and b iva lves  . 
CORAL FAUNA. The c o r a l  fauna of the  bay was not s tud ied  d i r e c t l y  

a s  no dredging a c t i v i t i e s  were at tempted.  An i n d i r e c t  method of  e s -  

t ima t ing  both the  d i v e r s i t y  and d e n s i t y  of t he  molluscan fauna a s so -  

c i a t e d  wi th  c o r a l  and the  niches provided by c o r a l  growths i s  t o  sample 

sand pockets occurr ing  among the  c o r a l  heads and coral-covered boulders .  

These sand pockets a c t  a s  t r a p s ,  and w i t h i n  t h e i r  confines a r e  found 

a  v a r i e t y  o f  both l i v i n g  and non- l iv ing  molluscs .  

From a  sand pocket 50 yards o f f  Cook's Monument a t  a  depth of 

20-30 f e e t  (Fig.  2 2 ) ,  an est imated 0.25m3 of sand y ie lded  3,107 molluscs 
I 

r ep re sen t ing  about 135 spec i e s ,  most 6 mm o r  l e s s  i n  length .  The 

ma jo r i t y  were ep i f auna l  spec ies  and a r e  presumed t o  l i v e  i n  n iches  i n  

t he  a r e a ,  such a s  on boulders  and i n  c o r a l .  

SAND. The sand pockets descr ibed  above a l s o  support a  community - 
of  sand-dwelling organisms. In the  pocket analyzed above were t h r e e  

spec i e s  of  Terebra (x. a f f i n i s ,  x. argus  and x. p u t t a t a ) ,  Conus 

p u l i c a r i u s ,  Cerithium g r a n i f e r a  and the  b iva lve ,  P i n g u i t e l l i n a .  These 

2 molluscs occur a t  d e n s i t i e s  from 0 .1  t o  0.5/m ; and a  v a r i e t y  of  o t h e r  
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sand-dwelling molluscs ranging from two to six mm in length were also 

found, representing six species of prosobranchs, eight opisthobranchs 

and nine b iva lve s . 
An even more diverse sand community with greater densities was 

found in the surf zone at Napoopoo Beach (Pig. 23). Here the community 

consists of four species of Terebra (T. inconstans, T. strigilata, 

T. penicillara and 2. hectica), the polychaetes on which the terebrids - 
feed and a variety of other invertebrates and vertebrates, including 

crabs (Emerita and Ocypode), a portunid (Gammarus) and a flounder. 

Summary and Conclusions 

The most noteworthy feature of the marine molluscan fauna of 

Kealakekua Bay from the standpoint of general interest is its diversity, 

the densities exhibited by some species, and the occurrence of some 

of the more spectacular molluscs in relatively shallow water. These 

features are, of course, enhanced by the sparkling, clear waters and 

exceptional visibility in the bay. 

The diversity of marine molluscs is probably associated with both 

diversities in habitats and conditions of the bay, and with the unsilted 

waters; an area of approximately comparable habitat diversity but with 

silty water is Kaneohe Bay, Oahu. Here, 110 marine molluscan species 

are now found, which compares (Table 6 ) with 183 in Kealakekua Bay. 

The shallow-water habitat of some of the more handsome marine molluscs 

appears to be a phenomenon generally characteristic of the Island of 

Hawaii. However, sufficient data (Kay,1961) are available for only 

Cypraea tigris. They indicate that tiger cowrie6 are found in pro- 

gressively shallower waters around the islands from Kauai to Hawaii. 
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TABLE 6 . Marine molluscs  recorded from Kealakekua 
Bay i n  October,  1968. 

Spray- I n t e r -  Sub t ida l  Sand Brackish 
sp l a sh  t i d a l  ep i f auna l  

GASTROPODA 

PROSOBRANCHIA 

F i s s u r e l l i d a e  
Diodora g ran i  f e r a  
Tuaa l i  oblonga 

P a t e l l i d a e  
Cel lana sandwicens i s  
Cel lana t a l c o s a  

Troch idae  
Euchelus Pemmatus 
Gibbula rnarmorea 
Tha l o  t i a  rubra 
Trochus sandwichensis 

Turb in idse  
Leptothyra candida 
Leptothyra r u b r i c i n c t a  
Turbo sandwichensis 

Phas i ane l l i dae  
Phas i ane l l a  v a r i a b i l i s  

Ner i t  idae  
Ner i t a  picea 
Ner i t a  p o l i t a  
Theodoxus neglec tus  

Phenacolepadidae 
Phenacolepas scobina ta  

L i t t o r i n i d a e  
L i t t o r i n a  p i c t a  
L i t  t o r i n a  pintado 
P e a s i e l l a  t a n t i l l a  

Risso in idae  
Rissoina ambigua 
Rissoina miltozona 
Rissoina t u r r i c u l a  
Zebina t r i d e n t a t a  
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TABLE 6 (continued) 

Spray- Inter- Subt idal Sand Brackish 
splash tidal epifaunal 

Architectonidae 
Heliacus implexus 

Planaxidae 
Planaxis labiosa 

Modulidae 
Modulus tectum 

Vermet idae 
Serpulorbis sp. 
Vermetus sp. 

Cerithiidae 
Bittium zebrum 
Cerithium atromarginatum 
Ceri thium co lumna 
Cerithium art iculatum 
Cerithium pharos 
Cerithium nesioticum 
Cerithium sp. A 
Plesiotrschus souverbianus 

Triphoridae 
Triphora cingulifera 
Triphora c lava ta 
Triphora incisa 
Tr iphora trilirata 
Triphora sp. A 
Triphora sp. B 
Triphora sp. C 
Triphora sp. D 
Triphora sp. E 
Triphora sp. F 

Epitoniidae 
Epitonium sp. A 

Eul imidae 
Balcis sp. 
Subularia metcalfei 
Stilifer mittrei 

Fossaridae 
Fossarus garrettii 

x (on Holothuria atra) 
X 

x (on Heterocentrotus 
mamrni 1 latus) 

Vanikoridae 
Vanikoro sp. 



TABLE 6 (cont inued)  

Spray- I n t e r -  Sub t ida l  Sand Brackish 
sp l a sh  t i d a l  ep i f auna l  

Hipponicidae 
Chei lea  d i l l w y n i i  
Hipponix a u s t r a l i s  
Hipponix f o l i c a e u s  
Hipponix grayanus 
Hipponix p i l o s u s  

Calypt r ae idae  
Crucibulum spinosus 

E ra to idae  
E ra to  sandwicensis 
T r i v i a  e d g a r i  
T r i v i a  exigua 
T r i v i a  hordacea 

Cypraeidae 
Cypraea capu t se rpen t i s  
Cvpraea he lvo l a  
Cypraea f imbr i a t a  
Cypraea i s a b e l l a  
Cypraea macu l i f e r a  
Cypraea mauiensis  
Cypraea m r u i t  iana 
Cypraea moneta 
Cypraea t e r e s  
Cypraea t i g r i s  
Cypraea p o r a r i a  

Strombidae 
Strombus maculatus 

Nat ic idae  
Nat ica  marochiensis  
P o l i n i c e s  sp.  

Cymatiidae 
C v n a t i m  p i l e a r e  
Cymatium nicobaricum 
Charonia t r i t o n i s  

Cass id idae  
Cass i s  cornuta  

Magil idae 
C o r a l l i o p h i l a  sp.  
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TABLE 6 (con t inued)  

Spray-  I n t e r -  Subt  i d a l  Sand B r a c k i s h  - - 
s p l a s h  t i d a l  e p i f a u n a l  

Mur i c i d a e  
A s p e l l a  sp .  

T h a i s  i d a e  
Drupa morum 
Drupa r i c i n a  
Drupa r u b u s i d a e u s  
Morula g r a n u l a t a  
Morula ochrostoma 
Morula uva 
Nuce l l a  h a r p a  
Purpura  a p e r i a  
T h a i s  i n t e r m e d i a  
T h a i s i d  s p .  

Bucc in idae  
Can tharus  f a r i n o s u s  
Engina s p .  A 
Engina s p .  B 
P i s a n i a  s p .  

M a r g i n e l l i d a e  
V o l v a r i n e l l a  pumila 

Pyren idae  
Anarithma metu la  
E u p l i c a  v a r i a n s  
M i t r e l l a  f u s i f o r m i s  
M i t r e l l a  m a r g a r i t a  
M i t r e l l a  sp .  

F a s c i o l a r i i d a e  
L a t i r u s  noda tus  

M i t  r i d a e  
M i t r a  l i t t e r a t a  

T u r r i d a e  
25 s p e c i e s  

Conidae 
Conus a b b r e v i a t u s  
Conus c a t u s  
Conus cha ldaeus  
Conus d i s t a n s  
Conus e b r a e u s  
Conus f l a v i d u s  
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TABLE 6 (continued) 

Spray- Inter- Subtidal Sand Brackish 
splash tidal epifaunal 

Conidae (continued) 
Conus lividus 
Conus miles 
Conus moreleti 
Conus publicarius 
Conus vitulinus 

Terebridae 
Terebra affinis 
Terebra argus 
Terebra felina 
Terebra guttata 
Terebra hect ica 
Terebra inconstans 
Terebra penicillata 
Terebra strigilata 

Pyramide 1 lidae 
Odostomia sp. 
Otopleura mitralis 
Pvramidella sp. 

Actaeonidae 
Bullina scabra 
Pupa thaanumi 

Hyda t in idae 
Haminoea sp, 

Bull idae 
Bulla adamsi 

Cryptophthalmidae 
Smaragdinella calyculata 

Atyidae 
Atys semistriata 

Elys iidae 
Elysia reticulata 

Juliidae 
Julia exquisita 
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TABLE 6 (continued) 

Spray- Inter- Subt idal Sand Brackish 
splash tidal epifaunal 

Aplys iidae 
Ap lys ia parvula 
Dolabrifera dolabrifera 

Dor id idae 
Hypselodoris lineata x 

Dendrodorididae 
Dendrodoris nigra 

Pleurobranchidae 
Umbraculum sp. 

PULMONATA 

Onchididae 
Onchidiwn sp. 

Ellobiidae 
Laemodonta bronni 
Melampus sp. 
Pedipes sandwichensis 

S iphonari idae 
S iphonar ia norma 1 is 

B IVALV i% 

Arcidae 
Acar plicata 

Mytilidae 
Hormomya crebristriatua 

Pteriidae 
Pinctada margar it ifera 

Isognamoniidae 
Iso~nomon californicurn 
Isognomon perna 

Ostreidae 
Ostrea hanleyana 
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TABLE 6 (con t inued)  

Spray-  I n t e r -  Subt  i d a l  Sand Brack i sh  
s p l a s h  t i d a l  e p i f a u n a l  

Chamidae 
Chama i o s  toma 

Luc in idae  
Ctena b e l l a  

Spondyl idae  
Spondy l u s  sp. 

K e l l i d a e  
Nesobornia o v a t a  

C a r d i i d a e  
Hemicardiurn mundum 

M a c t r i d a e  
Mactra  thaanumi 

T e l  l i n i d a e  
Macorna sp .  
P i n g u i t e l l a  n u c e l l a  
C a d e l l a  sp .  
T e l l i n a  s p .  
T e l l i n a  s p .  

Vener idae  
P e r i g l y p t a  r e t i c u l a t a  

Pec t  i n i d a e  
Pec ten  sp .  
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Severa l  f e a t u r e s  e x h i b i t e d  by the marine molluscs  of  Kealakekua 

Bay a r e  of more s p e c i a l i z e d  i n t e r e s t .  More da t a  a r e  needed t o  confirm 

t h e  i n i t i a l  obse rva t ions ,  bu t  some t rends  a r e  i n d i c a t e d .  

1) I n  terms of percentage composition of s p e c i e s ,  the  

propor t ion  of gastropods t o  b iva lves  ( 8 9 : l l  - Table 7 ) appears  t o  be 

h igher  i n  Kealakekua Bay than  i t  i s  elsewhere i n  the  Hawaiian I s l ands .  

The o v e r - a l l  p ropor t i on  i s  82:18;  i n  Kaneohe Bay, Oahu, it i s  80:20. 

2) Both t he  d e n s i t i e s  and spec i e s  composition of sand com- 

muni t ies  i n  Kealakekua Bay appear  t o  be r i c h e r  than a t  l e a s t  those of 

Oahu; i n  Kaneohe Bay, f o r  example, the  sand communities a r e  comprised 

of about  h a l f  a s  many molluscan spec i e s  and t h e  d e n s i t y  of  each spec i e s  

i s  cons iderab ly  l e s s  than t h a t  i n  Kealakekua Bay. 

3)  The spec i e s  d i v e r s i t y  arrlong . the micro-molluscs appears  

t o  be l a r g e l y  a t t r i b u t a b l e  t o  molluscs  c h a r a c t e r i s t i c  of s u b t i d a l  a r e a s  

r a t h e r  than those  c h a r a c t e r i s t i c  of t i depoo l s  and i n t e r t i d a l  benches. 

A s  a  r e s u l t ,  s e v e r a l  e p i f a u n a l  gastropods such a s  Leptothyra ve r ruca ,  

Gibbula marmorea, Synaptocochlea concinna and Bi t t ium parcum which a r e  

t h e  dominant elements i n  t h e  molluscan fauna a t  Poipu Beach, Kauai and 

Nanakuli ,  Oahu, a r e  v i r t u a l l y  absen t  from Kealakekua Bay, whi le  t h e  

v a r i e t y  of small members of t h e  family Tur r idae  i n  t he  bay appears  t o  

be q u i t e  remarkable. 

4) Another noteworthy absence from the  molluscan fauna of 

t he  bay i s  t h a t  of r e p r e s e n t a t i v e s  o f  t he  opis thobranch fami ly ,  Pyra- 

mide l l i dae ;  but the  lack  o f  t he se  s n a i l s  i s  not  s o  e a s i l y  accounted 

f o r  a s  t h a t  of t he  t i depoo l  mol luscs .  Pyramidel l ids  a r e  p a r a s i t i c  on 

o t h e r  molluscs ,  worms, e t c . ,  and t h e i r  s h e l l s  comprise an  important 



TABLE 7 .  Gas t ropod-b iva lve  r a t i o s  

No. of s p e c i e s  el 
/o 

Gastropods  B i v a l v e s  

Kea lakekua Bay 164 19 89 : 11 

Kaneohe Bay, Oahu 9 1 23 80 : 20 

Al l -Hawai i  7 19 150 82 : 18 



component o f  d r i f t  a t  Po ipu ,  Kauai and Nanaku l i ,  Oahu. 

5)  The s u b t i d a l  s p e c i e s  o f  Conus a l s o  a p p e a r  t o  b e  o f  i n -  

t e r e s t .  Conus f l a v i d u s  and s. l i v i d u s  were recorded  a s  t h e  two most 

abundant  s p e c i e s  o n  s u b t i d a l  c o r a l  r e e f s  i n  t h e  Hawaiian I s l a n d s  by 

Kohn (1959a) who based h i s  r e s u l t s  on s t u d i e s  on Oahu and Maui. A t  

Kealakekua Bay, random b u t  n o t  q u a n t i t a t i v e  sampl ing  i n d i c a t e s  t h a t  

C .  m i l e s ,  a s p e c i e s  n o t  even l i s t e d  among t h e  t e n  most commonly found - 

s p e c i e s  by Kohn ( l o c .  c i t . )  and r e p o r t e d  a s  " r a r e "  a t  d e p t h s  o f  one t o  

s e v e r a l  fathoms (Kohn, 1959b1, a p p e a r s  t o  be  a t  l e a s t  one o f  t h e  most 

abundan t ,  i f  n o t  t h e  most abundant  cone o c c u r r i n g  w i t h i n  t h e  s u b t i d a l  

r e a c h e s  o f  t h e  bay.  



Chapter 9  

SEA URCHINS 

(A q u a n t i t a t i v e  su rvey  of t h e  e c h i n o i d  fauna)  

During e i g h t  days  i n  e a r l y  August and October ,  1968, an  

e x p e d i t i o n  from t h e  U n i v e r s i t y  o f  Hawaii examined t h e  d i s t r i b u t i o n  

and abundance o f  s e a  u r c h i n s  i n  two bays a l o n g  t h e  Kona ( leeward)  

c o a s t  o f  t h e  I s l a n d  o f  Hawaii: Kealakekua Bay (19' 28 '  N ;  155' 5 5 '  

W.) and Honaunau Bay (19O 25 ' N; 155' 55 '  W.) . Kealakekua was t h e  

l a r g e r  o f  t h e  two bays and was where t h e  major  e f f o r t  o f  t h e  exped i -  

t i o n  was expended. The e x p e d i t i o n  was p a r t  o f  a  l a r g e r  program t o  

su rvey  t h e  e x i s t i n g  b i o t a  of Kealakekua.  In format ion  t h a t  i s  be ing  

ga thered  d u r i n g  t h i s  program w i l l  form a  b a s e - l i n e  t o  be used t o  

a s s e s s  changes t h a t  may be brought  abou t  by human a c t i v i t i e s  both  by 

t o u r i s t s  and by t h o s e  l i v i n g  a l o n g  t h e  s h o r e s .  P r e s e n t l y ,  t h e r e  i s  a  

s i n g l e  small v i l l a g e ,  Napoopoo, on Kealakekua p l u s  a  smal l  number o f  

r e s i d e n c e s  a t  t h e  middle  and s o u t h  ends  of t h e  bay. The n o r t h  end,  

by Capta in  Cook Monument, i s  u n i n h a b i t e d .  Honaunau Bay h a s  a  smal l  

v i l l a g e ,  Honaunau, and t h e  C i t y  o f  Refuge N a t i o n a l  H i s t o r i c a l  Park.  

Bay r e l a t e d  a c t i v i t i e s  of peop le  l i v i n g  around t h e  bays c o n s i s t  o f  

f i s h i n g ,  p r i n c i p a l l y  w i t h  n e t s  and h a n d - l i n e s ,  and domest ic-waste  

p o l l u t i o n .  Some s e a  u r c h i n s  a r e  t aken  f o r  food b u t  n o t  i n  g r e a t  

numbers. T o u r i s t  a c t i v i t i e s  i n v o l v i n g  t h e  an imals  a r e  c o l l e c t i n g  

s l a t e - p e n c i l  u r c h i n s ,  H e t e r o c e n t r o t u s  mamrnillatus, f o r  t h e i r  s p i n e s  

and removing s n a i l s  and s m a l l  c o r a l  heads .  T o u r i s t s  a r e  c o n c e n t r a t e d  

i n  Kealakekua Bay a t  C a p t a i n  Cook Monument. Boats  b r i n g  v i s i t o r s  from 

Kailua-Kona. During t h e  summer months, two b o a t s  make two t r i p s  p e r  



day and c a r r y  up t o  120 people  per  boat  t r i p .  Honaunau h a s  no 

t o u r i s t  b o a t s  and s o  p o s s i b l y  i s  n o t  used a s  e x t e n s i v e l y .  The a r e a  

n e a r  cooktsMonument was s e l e c t e d  f o r  i n t e n s i v e  sampl ing because o f  t h e  

h i g h  t o u r i s t  d e n s i t y .  

S t a t i s t i c a l  a n a l y s i s  was done a t  t h e  U n i v e r s i t y ' s  S t a t i s t i c a l  

and Computing C e n t e r  on a n  IBM System 3 6 0 / 5 0 .  Computer t ime was 

suppor ted  by funds  from t h e  computing c e n t e r .  Development o f  survey 

t echn iques  w a s  s u p p o r t e d  by a  Summer Research I n i t i a t i o n  Award from 

t h e  O f f i c e  o f  Research A d m i n i s t r a t i o n ,  U n i v e r s i t y  of Hawaii. 

Methods 

Urchin d e n s i t i e s  i n  Kealakekua were a n t i c i p a t e d  t o  be l e s s  

than  1 an imal  p e r  mete r  squared .  On t h i s  a ssumpt ion ,  i t  was f e l t  

t h a t  a n  a p p r o p r i a t e  q u a d r a t  s i z e  would have t o  be s o  l a r g e  t h a t  i t  

would be cumbersome t o  t h e  d i v e r s  o r  would have t o  be c o n s t r u c t e d  

a t  each sampling s i t e .  For t h i s  r e a s o n ,  a  p l o t l e s s  method was 

s e l e c t e d  i n  p r e f e r e n c e  t o  t h e  u s e  o f  q u a d r a t s .  The q u a r t e r  method 

o f  f o r e s t  sampl ing (Cottom and C u r t i s  1956) was modi f i ed  t o  be used 

underwater  by d i v e r s  w i t h  SCUBA. A c o n c r e t e  b lock  o r  smooth l a v a  

s t o n e  ( c a .  7 kg) was used a s  t h e  body of t h e  sampl ing d e v i c e .  A c r o s s  

o f  orange g l o l i t e  t a p e  (such as used by c o n s t r u c t i o n  survey  teams) was 

a t t a c h e d  t o  t h e  b lock  e i t h e r  w i t h  epoxy g l u e  o r  small c o n c r e t e - s t u d s .  

A th readed  s t u d  w a s  d r i v e n  i n t o  t h e  c e n t e r  o f  t h e  c r o s s  and a  snap- 

swive l  p laced  o v e r  t h e  s t u d .  A n u t  and washer p reven ted  t h e  swive l  

from coming o f f  b u t  t h e  n u t  was n o t  t i g h t e n e d  t o  t h e  e x t e n t  t h a t  t h e  

s w i v e l  could  n o t  move f r e e l y  around t h e  s t u d .  A 50 f o o t  s t a i n l e s s  

s t e e l  t a p e  was a t t a c h e d  t o  t h e  snap. Underwater,  a d i v e r  

measured and recorded  t h e  d i s t a n c e  t o  t h e  n e a r e s t  s e a  u r c h i n  and i t s  



spec ies  i n  each q u a r t e r .  Data was w r i t t e n  on p l a s t i c  s l a t e s .  P l a s t i c  

i s  a v a i l a b l e  from Transparent  Products Corporat ion,  1727-43 W .  Plco 

Boulevard, Los Angeles,  Ca l i fo rn i a  90015 a s  #VS-5300-08 pp  matte  on 

both s i d e s ,  0.02" t h i c k ,  whi te  p l a s t i c ,  and i s  a v a i l a b l e  i n  20" x 40" 

shee t s  t h a t  a r e  e a s i l y  c u t .  Three d i v e r s  were used and genera l ly  each 

was a b l e  t o  measure between 8  and 13 po in t s .  I n i t i a l  po in t s  were 

se l ec t ed  a t  random a t  t he  deepest  po r t ion  of t he  t r a n s e c t .  Subsequent 

po in ts  were taken a long  a  l i n e  towards shore a t  about 20-25' i n t e r v a l s .  

Dens i t i e s  were c a l c u l a t e d  by f i r s t  summing a l l  t h e  i nd iv idua l  d i s t ances  

without regard t o  spec i e s ,  determining the  mean d i s t a n c e ,  s tandard 

dev ia t ion  and s tandard  e r r o r ,  and conver t ing  these  i n t o  meters .  The 

mean d i s t a n c e  was then  squared and t h i s  used t o  e s t ima te  t h e  mean area  

which conta ins  one urchin .  Confidence i n t e r v a l s  were determined by 

adding o r  s u b t r a c t i n g  one s tandard e r r o r  from the  mean and redetermining 

the  mean a rea  by squaring the r e s u l t .  Fop example, the  mean d i s t ance  

+ 
o f f  t he  breakwater a t  Napoopoo was 7.56 - 0.69 f e e t .  

7.56 4 0,69 x  0.3048 = 2.30 -1' 0.21 meters  

2,302 = 5.31 t h e  mean d i s t a n c e  squared 

(2.30 + 0 . 2 1 ) ~  = 6.32 the  mean p lus  1 SE squared 

2  
(2.30 - 0.21) = 4.39 the  mean minus 1 SE squared 

The r e c i p r o c a l s  of each of t hese  squares  g ives  an e s t ima te  of 

the  mean number of animals per meter squared p lus  o r  minus one SE of 

t h e  mean of t he  d i s t a n c e  measurements. 

1/5.31 = 0.19 the  mean 

116.32 = 0.16 

114.39 = 0.23 

x = 0.19 + .04 o r  - .03 animals per  meter squared. 
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The number o f  each s p e c i e s  p e r  meter  squared  was c a l c u l a t e d  by 

m u l t i p l y i n g  t h e  t o t a l  d e n s i t y  by t h e  r e l a t i v e  d e n s i t i e s  o f  t h e  s p e c i e s .  

R e l a t i v e  d e n s i t y  was d e f i n e d  a s  t h e  number o f  a  g i v e n  s p e c i e s l t o t a l  

number o f  i n d i v i d u a l s  i n  t h e  sample. For a  f u r t h e r  d i s c u s s i o n  o f  t h e  

q u a r t e r  method s e e  Cottom and C u r t i s  (1956) .  

The i n i t i a l  August survey i n d i c a t e d  h i g h e r  d e n s i t i e s  t h a n  

o r i g i n a l l y  a n t i c i p a t e d  s o  sampl ing i n  October  was done w i t h  1-meter 

s q u a r e  q u a d r a t s .  Sampling procedure  was t o  p l a c e  t h e  quadra t  f o r  t h e  

f i r s t  sample a t  t h e  lowest  dep th  and t h e n  t a k e  t h e  n e x t  sample by 

simply t u r n i n g  t h e  q u a d r a t  o v e r ,  advanc ing  1 mete r  up t h e  s l o p e .  The 

r e s u l t  was a s e t  o f  q u a d r a t s  i n  t h e  shape o f  a 1 mete r  wide t r a n s e c t  

from deep w a t e r  t o  t h e  shore .  

Organisms 

Edmondson (1946) l i s t s  14 r e g u l a r  u r c h i n s  a $  members of sha l low 

w a t e r  b e n t h i c  assemblages  o f  Hawaii. Eleven o f  t h e s e  were found i n  

Kealakekua and Honaunau Bays. The c l a s s i f i c a t i o n  o f  Hyman (1955) i s  

used.  

Order Cidaro idea  

Family C i d a r  i d a e  

Chondreoc idar i s  g i g a n t e a  A.  Agass iz  

E u c i d a r i s  m e t u l a r i s  (Lamarck) 

Order Diadematoida 

Family D iadema t i d a e  

Diadema p a u c i s p i n a  A.  Agass iz  

E c h i n o t h r i x  c a l a m a r i s  P a l l a s  

E . diadema (Linnaeus)  - 



Family Toxopneust idae  

T r i o n e u s t e s  g r a t i l l a  (1,innaeus) 

Family Echinometr idae  

Colobocen t ro tus  a t r a t u s  (L. Agass iz )  

Echinometra mathaei  B l a i n v i l l e  

E .  oblonga B l a i n v i l l e  - 
Echinos t rephus  a c i c u l a t u s  A .  Agass iz  

H e t e r o c e n t r o t u s  mammillatus (Linnaeus)  

Echinometra s p .  and Colobocen t ro tus  were  n o t  inc luded  i n  t h e  

q u a r t e r  method of  sampling i n  August b u t  were i n c l u d e d  i n  t h e  1-m 

quadra t  c o u n t s .  

Areas  

Four a r e a s  were examined w i t h i n  Kealakekua Bay and s i n g l e  

s i t e s  were s e l e c t e d  w i t h i n  Honaunau Bay and 1 m i l e  s o u t h  of Honaunau 

(Fig .  1 1. 

Area 1. The f i r s t  a r e a  was between Napoopoo l i g h t  a t  Cook 

P o i n t  and Cook's Monument a t  t h e  n o r t h  end o f  Kealakekua Bay. Th is  

a r e a  and t h e  t r a n s e c t  1 m i l e  s o u t h  of Honaunau were t h e  most exposed 

s i t e s  t h a t  were  sampled.  The bottom s l o p e d  r a p i d l y  away from t h e  

s h o r e  w i t h  s e v e r a l  v e r t i c a l  l edges  o f  15-20 f e e t .  Near s h o r e  i n  t h e  

s u r f  t h e  rocks  were r e l a t i v e l y  b a r r e n  w i t h  o n l y  a  few Colobocen t ro tus .  

A t  a  dep th  of abou t  3 0 '  t h e  bottom was covered w i t h  c o r a l  heads .  P a s t  

t h i s  dep th  t h e  bottom dropped r a p i d l y  t o  28 fathoms. Three  q u a r t e r  

method t r a n s e c t s  were run  i n  t h i s  a r e a  and a  s i n g l e  t r a n s e c t  u s i n g  

q u a d r a t s .  T r a n s e c t s  were p e r p e n d i c u l a r  t o  t h e  s h o r e  and s t a r t e d  a t  a 

dep th  o f , a b o u t  80 f e e t .  



Area 2.  The second a rea  was i n  Kaawaloa Cove. The cove 

appeared t o  be ve ry  pro tec ted  from waves which i s  a l s o  ind ica t ed  by 

the  f a c t  t h a t  i t  i s  used f o r  boat moorage dur ing  win te r  storms. S ix  

q u a r t e r  method t r a n s e c t s  were run: t h r e e  i n  f r o n t  of t he  monument 

(one d i r e c t l y  o f f  t h e  monument and one on e i t h e r  s ide )  and t h r e e  south  

of t h e  monument and o f f  a  d ike  (one t r a n s e c t  d i r e c t l y  o f f  the  d ike  and 

one on e i t h e r  s i d e ) .  Five quadrat  t r a n s e c t s  were run from d i r e c t l y  

i n  f r o n t  of t h e  monument t o  t h e  corner  of t he  cove between the monument 

and the d ike .  As i n  the f i r s t  a r e a ,  t he  bottom dropped away r a p i d l y .  

The r a t e  of descen t ,  however, was g r e a t e r  d i r e c t l y  i n  f r o n t  of t h e  

monument. The shal low waters ,  l e s s  than  4 '  deep were d i f f e r e n t  i n  t h e  

two a r e a s  of t h e  cove. The a rea  o f f  t he  d i k e  was a t  t he  base of a  

t a l l u s  s lope  and was composed of l a rge  lava  boulders  t h a t  d id  not  

support a  l u sh  c o r a l  growth. Coral rubble  wi th  some l i v i n g  c o r a l  

formed the  bottom i n  the  shallows i n  f r o n t  of t he  monument. Below 

4-5'  t h e r e  was l i v i n g  c o r a l  i n  both a r e a s .  A t  lower depths t he  two 

a r e a s  once a g a i n  d i f f e r e d .  Below about 30-40 f e e t  o f f  t h e  monument 

most of t h e  c o r a l  heads were dead but  wi th  l i v i n g  t i p s .  The c o r a l  

was p r i n c i p a l l y  P o r i t e s  compressa. There was more l i v i n g  c o r a l  o f f  

t he  d ike  and P o r i t e s  pukoensis was more abundant.  According t o  one 

d i v e r ,  more a l g a e  were present  between t h e  c o r a l  f i n g e r s  i n  f r o n t  of 

t h e  monument. General ly  t h e r e  was more rubble  i n  f r o n t  of t he  

monument. This  poss ib ly  was the  r e s u l t  o f  breakage caused by anchor 

chains.  

Area 3 .  The t h i r d  a r e a  was d i r e c t l y  i n  f r o n t  of t he  breakwater 

a t  Napoopoo. The bottom cons i s t ed  of l a r g e  c o r a l  heads separated by 
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sand.  Two q u a r t e r  method t r a n s e c t s  were r u n  a t  100 and 200 f e e t  from 

s h o r e  and p a r a l l e l  t o  i t .  Water d e p t h  was 10-20 f e e t .  

Area 4 .  The f o u r t h  a r e a  was a l a v a  r o c k  s h o r e  i n  f r o n t  of a  

c o t t a g e  owned by T.  Ash iha ra  o f  Kealakekua,  Hawaii .  A s i n g l e  1 7 - p o i n t  

t r a n s e c t  w a s  run  from abou t  300'  o f f s h o r e  i n t o  a  s m a l l  cove i n  f r o n t  

o f  t h e  c o t t a g e .  Water d e p t h  was from c a .  30 t o  5 f e e t .  A s h o r t  

t r a n s e c t  was r u n  from t h e  cove i n t o  8 f e e t  o f  w a t e r  and an imals  were 

2  counted i n  q u a d r a t s  a t  4 d e p t h s .  A t o t a l  o f  18 1/9-m q u a d r a t s  were 

counted.  

Area 5. The f i f t h  a r e a  was a  p r o t e c t e d  s h e l f  a t  Palemano 

P o i n t  a t  t h e  s o u t h  end o f  Kealakekua Bay. A l a v a  f low h a s  formed a  

f l a t  a r e a  w i t h  r o c k s  r i s i n g  above t h e  w a t e r  s u r f a c e .  There  were many 

sha l low p o o l s  some o f  which were sandy.  The p l o t l e s s  method was n o t  

used h e r e  b u t  r a t h e r  a  1 - m  q u a d r a t  was employed t o  sample a  d e n s e l y  

a g g r e g a t e d  p o p u l a t i o n  o f  T r i p n e u s t e s .  A t o t a l  o f  30 q u a d r a t s  was 

counted i n  2-3 f e e t  of w a t e r .  

Area 6. The s i x t h  a r e a  was i n  Honaunau Bay o f f  a  l a v a  bench 

j u s t  n o r t h  o f  t h e  canoe l a n d i n g  a t  t h e  v i l l a g e  o f  Honaunau. The 

bottom was p r i n c i p a l l y  l i v i n g  c o r a l .  Depth ranged from 35 t o  10 f e e t .  

The bottom s l o p e d  v e r y  g e n t l y  downwards t o  a b o u t  300 f e e t  from s h o r e  

where i t  descended r a p i d l y  t o  23 fa thoms.  Although t h e  a v e r a g e  s l o p e  

was s m a l l ,  t h e  bottom c o n s i s t e d  of  v e r y  l a r g e  c o r a l  mounds s e p a r a t e d  

by c o r a l  f i l l e d  v a l l e y s  s o  t h a t  l o c a l l y  t h e r e  was h i g h  r e l i e f .  Some 

of t h e  mounds appeared  t o  be  dead.  Sampling was i n i t i a t e d  j u s t  

shoreward o f  t h e  d r o p o f f .  Three  p l o t l e s q  t r a n s e c t s  were run pe rpend i -  

c u l a r  t o  t h e  s h o r e .  



Area 7 .  The f i n a l  sampling a r e a  was about  1 mile  south of 

Honaunau Bay. A s i n g l e  t r a n s e c t  us ing  quadra ts  was run from 60 t o  20 

f e e t .  The bottom was lava and the  shore was exposed t o  t he  sea .  

Resul t s  

In  t h e  a n a l y s i s  of urch ins  d i s t r i b u t i o n  and abundance, s e v e r a l  

parameters used i n  phytosoc io logica l  d e s c r i p t i o n  (Cur t i s  and McIntosh 

1950, 1951) were es t imated  which a r e  def ined  a s  fol lows:  

Re la t ive  frequency = number of occurrences of one spec i e s  a s  
a  percentage of t he  t o t a l  number of occurrences of a l l  spec i e s .  

Re la t ive  d e n s i t y  = number of i n d i v i d u a l s  of one spec i e s  a s  a  
percentage of the  t o t a l  number of i nd iv idua l s  of a l l  spec i e s .  

Re la t ive  dominance = t o t a l  wet weight of one spec ies  a s  a 
percentage of the  t o t a l  wet weight of a l l  spec i e s ,  

Importance Value ( I V )  = the sum of t h e  r e l a t i v e  frequency, d e n s i t y  
and dominance. 

These r e l a t i v e  values w i l l  be used t o  compare the  spec i e s  

composition of  d i f f e r e n t  a r e a s  and a r e  va luab le  i n  t h i s  comparative 

capac i ty  i n  a d d i t i o n  t o  t he  es t imates  of a b s o l u t e  d e n s i t y  (number o f  

ind iv idua ls /meter  squared) .  

Re la t ive  frequency and dens i ty  were determined d i r e c t l y  from 

the  quadrat  counts  o r  from the  po in t s  of  t h e  q u a r t e r  method. Because 

ind iv idua l s  were not  weighed when counted,  c e r t a i n  c a l c u l a t i o n s  were 

requi red  t o  e s t ima te  weight.  Animals were c o l l e c t e d  a t  s eve ra l  

l oca t ions  t o  determine s i z e  s t r u c t u r e  of t h e  popula t ions .  Sampling 

procedure was t o  a t tempt  t o  c o l l e c t  a s  many animals from one l o c a t i o n  

a s  poss ib l e .  Numbers i n  a  sample gene ra l ly  were about 100 ind iv idua l s .  

It must be s t r e s s e d  t h a t  t h e  s i z e  d i s t r i b u t i o n s  r ep re sen t  animals 

exposed enough t o  be seen by a  swimmer. Th i s  obviously introduces 



a bias in favor of large individuals and animals under 1 or 2 cm were 

probably inadequately sampled. 

Size distributions (Figs. 25 and 26) were constructed for 

Heterocentrotus, Echinothrix calameris, Diadem and Echinometra 

in Kaawaloa Cove, for Tripneustes at Palemeno Point and for Hetero- 

centrotus at Honaunau Bay. Sampling of Echinometra was different 

from other species in that it was measured in place in a series of 

1-meter quadrats in the corner of Kaawaloa Cove. Echinometra lives in 

holes in the coral rock and is generally difficult to extract. The 

procedure was to use a vernier calipers underwater and to assign 

individuals to 1 cm size classes. The precision is not as great as 

with the other urchins. For a species where no size distribution was 

constructed, weights were approximated by assigning it the distribution 

of the urchin that most closely resembled it in size. Eucidaris and 

~chinostrephus were approximated by Echinometra and Chondreocidaris 

was approximated by Heterocentrotus. All dominance values were based 

on the size distributions indicated above. All Echinothrix populations 

were assumed to be like the one measured in Kaawaloa Cove, all 

Tripneustes populations were assumed to be like the one measured at 

Palemno Point, etc. The relative dominance values and importance 

values are subject to the errors inherent in these approximations. 

A problem developed in the underwater identification of Echinothrix 

so that there is doubt surrounding the actual field records. Both 

species were present but are lumped to avoid conveying inconsistencies. 

Size distributions were converted into weights by first 

determining a mathematical expression that would relate wet weight 

to a linear measurement. A series of animals were weighed and 
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measured. Heterocentrotus  came from Kealakekua Bay, Echinothr ix  

diadema from Kapapa I s l and ,  Oahu, Tr ipneus tes  from Kaneohe Bay and 

Makua Beach, Oahu, and Echinometra mathaei from the  Blowhole, Oahu. 

Log-log p l o t s  of wet weight v s .  diameter  were not l i n e a r .  

It was discovered t h a t  t he  exponent r equ i r ed  t o  r a i s e  a  l i n e a r  

measurement t o  i t s  wet weight was a func t ion  of  t h a t  l i n e a r  measure- 

ment but  t h a t  t he  r e l a t i o n s h i p  was non- l inear  (Fig. 2 7 ) .  In  

Echinothr ix  and Tr ipneus tes  t h e  exponent increased with inc reas ing  

s i z e .  I n  Heterocentrotus  t he  exponent decreased with inc reas ing  

s i z e .  This  appears  t o  be r e l a t e d  t o  t h e  r e l a t i v e  con t r ibu t ion  of t he  

sp ines  t o  t he  t o t a l  weight of an ind iv idua l .  In  small  Tr ipneus tes  and 

Echinothr ix  t he  sp ines  appear t o  be r e l a t i v e l y  l a rge  i n  a  smal l  

i nd iv idua l  and r e l a t i v e l y  small  i n  a  l a r g e  ind iv idua l .  The r e s u l t  i s  

t h a t  a  g r e a t e r  percentage of t h e  t o t a l  weight i s  made up of sp ines  

i n  a  smal l  animal and r e l a t i v e l y  l e s s  i n  a  l a rge  ind iv idua l .  The 

oppos i t e  appears  t o  be t r u e  i n  Heterocent ro tus  where small  i n d i v i d u a l s  

have r e l a t i v e l y  l e s s  of t h e i r  t o t a l  weight made up by sp ines  compared 

wi th  l a r g e  ind iv idua l s  where a  g r e a t  po r t ion  of the weight can be 

sp ines .  The p o s s i b i l i t y  of  a l l o m e t r i c  r e l a t i o n s h i p s  between t e s t  

s i z e  and r e l a t i v e  th ickness  o r  he igh t  v s ,  diamater can not  be r u l e d  

o u t .  These, however, were not examined and a s  a  f i r s t  approximation 

the  r o l e  of  t h e  sp ines  appears  t o  be paramount. Tr ipneus tes  showed 

the  l e a s t  weight v a r i a t i o n  a t  a  given s i z e  and Heterocentrotus  showed 

the  g r e a t e s t  v a r i a t i o n .  This  aga in  i s  probably r e l a t e d  t o  t he  r e l a t i v e  

c o n t r i b u t i o n  of the  sp ines  t o  t o t a l  weight .  A s i n g l e  l o s t  o r  broken 

sp ine  i n  Heterocentrotus  would change the  weight more than removing 

a l l  o f  t h e  sp ines  of  a  s i m i l a r  s i z e d  Tr ipneus tes .  



HETEROCENTROTUS MAMMILLATUS 

ECHINOTHRIX DIADEMA 

TRIPNEUSTES GRATl LlA 

1 2 3 4 5 6 7 8 9 
TEST DIAMETER (cm) 

FIGURE 27.  Exponent ( x )  r e q u i r e d  t o  c o n v e r t  u r c h i n  t e s t  

d i a m e t e r  i n t o  wet  we igh t  i n  t h e  e x p r e s s i o n ,  Wet W t .  = I l X .  



Seve ra l  methods were used t o  develop an  express ion  t h a t  would 

d e s c r i b e  t he  s i z e  dependent exponent.  No s i n g l e  method was found 

t h a t  was s a t i s f a c t o r y  f o r  a l l  spec i e s .  The W a l f o r d  method" (Ricker ,  

1952) of  f i t t i n g  growth d a t a  t o  t he  von Ber ta lanfy  growth equa t ion  

was used t o  approximate exponent va lues  f o r  a given s i z e .  S i ze  

c l a s s e s  were s e t  up w i th  a 1 cm i n t e r v a l  and t h e  mean exponent (x) 

a t  a diameter  (d+l cm) was p l o t t e d  a s  a func t ion  of t h e  exponent a t  

s i z e  d .  This  i s  comparable t o  Walford ' s  l ength  a t  ( t f l )  a s  a func t ion  

o f  l eng th  a t  time t .  The maximum exponent determined i n  t h i s  manner 

was used a s  a t r i a l  va lue  i n  t h e  p l o t  o f  1n(xmax - xd) a s  a func t ion  

o f  d .  The s t r a i g h t n e s s  of such a p l o t  i s  a func t ion  of  t h e  va lue  

s e l e c t e d  f o r  %x (Ricker, 1952).  &, was ad jus t ed  t o  g ive  t h e  

s t r a i g h t e s t  l i n e  by a computer program t h a t  maximized t h e  c o r r e l a t i o n  

c o e f f i c i e n t .  The cons t an t s  der ived  from t h e  r eg re s s ion  of  ln(xmax - 
xd on d were used t o  w r i t e  an  exp re s s ion  r e l a t i n g  t h e  va lue  of an  

exponent t o  t h e  animal s i z e .  The gene ra l  form of t h e  express ion  i s :  

and,  t o  then determine wet weight i n  grams, 

where Wd is  wet weight a t  a given s i z e  and d i s  a l i n e a r  measurement. 

A second method of f i n d i n g  exponents was by s e l e c t i n g  cons t an t s  

from a r eg re s s ion  of log  10Xd on log log  d .  

A t h i r d  method was by us ing  c o n s t a n t s  from a r e g r e s s i o n  of  

lnlnWd on l n l n  d.  
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Generally, the best fit was obtained from expression 3 (Table 8). 

Echinometra was not treated by attempting to determine a general 

expression relating wet weight to size. The size distribution of 

Echinometra mathaei in Kaawaloa Cove had a small mean and small 

standard deviation (mean diameter = 2.4 + 0.71SD) cm). It was felt 

that an adequate estimate of weight did not require the establishment 

of a general expression. Nine small. Echinometra were collected 

from rocky pools near the Blowhole, Oahu. Size range was from 2.27 cm 

to 3.74 cm. Weight of an individual 2.4 cm was determined graphically 

and found to be 8.2 g. Average weight for the other species was 

found by calculating the weight of each class in the size distribution 

and multiplying this by the relative frequency of the class. The 

sum of weight times frequency for all classes is an estimate of the 

weight of an average individual and was used to estihte the weight of 

a given density of urchins and to calculate dominance values. 

The initial stage of quarter data analysis was to combine 

distance measurements at the points into statistically homogeneous 

subsets of the entire sample. Because transects were made up physical 

clines (depth) in all but the Napoopoo breakwater transect an analysis 

procedure was selected that would permit separation of the transect 

x into subsets showing similar densities. Beginning at the bottom 

of the transects, distance measurements from adjoining pairs of 

points were pooled yielding subsets of 8 measurements each (4 

measurements per point). For example, measurements from points 1 and 

2 were pooled, those from points 3 and 4 were pooled, etc. The means 

of these subsets were then tested for homogeneity by analysis of 

variance. Where non-significance of difference (.05) was indicated 



Regression equations relating a linear test measurement (cm)" to wet 

weight(g1. All animals were collected in August 1968. 

Species Area of Collection - N Expression 

Heteracentrotus Kealakekua Bay, 26 W t -  - D3.063 (log D) - 
mammi 1 la t us Hawa i i .I49 1 

Echinothrix Kapapa Is land, 
diadem Oahu 

Tripneustes Kaneohe Bay and 307 Wt = e 2.194(1n D) 

gratilla Makua Beach, Oahu 1.250 

Equations are listedfbr each species in order of adequacy in relating 

wet weight to a linear measurement. Goodness of fit was determined 

by eye. 

*greatest length measured in Heterocentrotvs; diameter measured in 

Tripneustes and Echinothrix. 
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by Duncan's  m u l t i p l e  r a n g e  t e s t  (Walpole,  1968) ,  t h e  s u b s e t s  were combined. 

T h i s  gave a  s i n g l e  s u b s e t  f o r  t h e  e n t i r e  t r a n s e c t  o r  t h e  t r a n s e c t  was 

broken i n t o  s e v e r a l  homogeneous s u b s e t s .  Obviously  t h e  s e n s i t i v i t y  o f  t h e  

method t o  d i s t i n g u i s h  d i f f e r e n t  d e n s i t i e s  a l o n g  t h e  t r a n s e c t  was based on 

t h e  v a r i a n c e  w i t h i n  t h e  o r i g i n a l  two p o i n t  s u b s e t s .  

Data  g a t h e r e d  from q u a d r a t s  was e a s i e r  t o  p r o c e s s .  I n  low d e n s i t y  

a r e a s  (Napoopoo L i g h t  and 1 ini1.e s o u t h  o f  Honaunau), t h e  e n t i r e  t r a n s e c t  

was t r e a t e d  a s  a  s i n g l e  e n t i t y  and d e n s i t y  e s t i m a t e s  r e p r e s e n t  means f o r  

t h e  e n t i r e  a r e a .  I n  t h i s  r e s p e c t  they  a r e  s i m i l a r  t o  t h e  q u a r t e r  method e s t i m a t e s  

f o r  s i m i l a r  a r e a s .  I n  Kaawaloa Cove, q u a d r a t s  were  s e g r e g a t e d  by 5 - f o o t  d e p t h  

i n t e r v a l s  and t h e  q u a d r a t s  f o r  t h e  f i v e  t r a n s e c t s  were combined on t h i s  

b a s i s .  S t a t i s t i c a l  a n a l y s i s  invo lved  t h e  c a l c u l a t i o n  o f  means and s t a n d a r d  

e r r o r s  o f  each 5 - f o o t  l e v e l .  

A sumnary o f  d e n s i t i e s  d e t e m i n e d  by t h e  q u a r t e r  method a r e  g i v e n  i n  

Tab le  9 . R e l a t i v e  v a l u e s  f o r  b o t h  t h e  q u a r t e r  and q u a d r a t  methods a r e  

g i v e n  i n  Tab le  1 0 .  

Area 1. Between Napoopoo L i g h t  and Kaawaloa Cove. Of a l l  r e g i o n s  

sampled by t h e  q u a r t e r  method, d i s t a n c e s  were g r e a t e s t  i n  t h i s  a r e a .  I n  

some q u a d r a n t s ,  no u r c h i n s  cou ld  be found w i t h i n  a r a d i u s  o f  50 f e e t .  I n  

such  a  c a s e ,  t h e  v a l u e  o f  50 f e e t  was a s s i g n e d  t o  t h e  q u a r t e r  and t h e  s p e c i e s  

c a l l e d  "Blank." Th i s  r e g i o n  and t h e  t r a n s e c t s  a t  Napoopoo breakwater  were  

t h e  o n l y  a r e a s  where b l a n k s  were  r e c o r d e d .  Other  a r e a s  p r o p e r l y  f u l f i l l e d  

t h e  requ i rements  o f  t h e  q u a r t e r  method by hav ing  a n  u r c h i n  recorded  f o r  e v e r y  

quadran t .  The means o f  t h e  d i s t a n c e  measurements o f  t h e  3 t r a n s e c t s  were  n o t  

homogeneous by a n  a n a l y s i s  o f  v a r i a n c e  (F  
(2,811 

= 11.22,  p<.01). Means o f  

two t r a n s e c t s ,  however, formed a  homogeneous s u b s e t  by Duncan's l e a s t  

s i g n i f i c a n t  r ange  t e s t .  The two t r a n s e c t s  t h a t  were  combined b r a c k e t e d  t h e  



TABLE 9  . Urch in  d e n s i t y  e s t i m a t e s  based on t h e  
q u a r t e r  method o f  sampl ing.  

Area s u b s e t *  Number o f  D i s t a n c e  (m)   ens i tq** 
measurements Mean f 1 SE (No./m ) 

1. Napoopoo A 7  2  4.77 f 0 . 5 6  .03 & .06 
L i g h t  B 12 11.7 f 1 .0  .006 - .007 .009 

2 .  Kaawaloa 9 c ~ ;  8 7.26  2 2.32  . G 1  .02 .04 - 
Cove B 1 6  2.08 0 .26  .20 .23 .30 - 

C 3  2  1 . 6 2  f 0.17  .31 .38 .47 
4 

- 
D 3.61 C 0.52  .06 .08 .10 
E 176  0 . 6 4  f 0 .03  2.22 2.45 2.73 

- 
F 8 0 . 8 4  2 0.16 1 .01  1 . 4 3  2 .16  

- 
8 

- 
G 1 . 2 8  f 0.16  .49 .61 .80 - 

3. Napoopoo A 7  6 2.30 3- 0 .21  .16 a .23  
Breakwater 

4 .  Ashihara  A 48  0 .92  f 0 .10  .96 1 .18  1 .48  - 
Cot tage  B 2 0  1 .86  f 0 . 2 4  .15 - .29 .72 

5. Honaunau A 
Bay B 

$( 

S u b s e t s  de te rmined  by a n a l y s i s  o f  v a r i a n c e  and Duncan's  m u l t i p l e  
r ange  t e s t .  F u l l  e x p l a n a t i o n  g i v e n  i n  t e x t ,  

9< i'< The mean i s  u n d e r l i n e d  and b r a c k e t e d  by e s t i m a t e s  based on 1 SE 
o f  t h e  mean d i s t a n c e .  See  t e x t  f o r  s a m p l e  c a l c u l a t i o n .  

* J d r  
S p a t i a l  r e l a t i o n s h i p  o f  t h e  s u b s e t s  i n  Kaawaloa Cove i s  shown i n  

F i g u r e  25 . R e l a t i o n s h i p s  o f  s u b s e t s  i n  o t h e r  a r e a s  i s  d e s c r i b e d  i n  t h e  
t e x t .  



TABLE 10 . The importance  v a l u e  (IV) o f  ma jor  u r c h i n  s p e c i e s .  

Area S p e c i e s  No. o f  No. o f  T o t a l  R e l a t i v e  R e l a t i v e  R e l a t i v e  Importance  
quads.  o r  u r c h i n s  wet  f r equency  d e n s i t y  dominance v a l u e  (IV) 
p o i n t s  we igh t  

1. Napoopoo H e t e r o c e n t r o t u s  16  33 3000 38 .1  4 7 . 1  29.4 114.6 
L i g h t  

Echino t h r i x  ( q u a r t e r )  
S u b s e t  A Tr ipneus  t e s  4 4  464 9 .5  5 .7  4.5 19.7 
and 
Subse t  B 

E u c i d a r i s  

Echinos t r e p h u s  2  2 16 4 . 8  2.9 0 .2  7.9 

TOTAL 4 2  70 10,221 

1. Napoopoo H e t e r o c e n t r o t u s  6 9 819 27.3  32.1 20.0 79.4 
L i g h t  Echino t h r i x  
( q u a d r a t )  

Tr ipneus  t e s  

E u c i d a r i s  2  3 2 5  9 . 1  10.7 .6  20.4 

Echinometra 3 3 2 5 1 3 . 6  10.7 . 6  24.9 

TOTAL 2  2  2  8  4093 

2 .  Kaawaloa H e t e r o c e n t r o t u s  2  2  182 22.2 15.4  9 . 8  47.4 
Cove E c h i n o t h r i x  
( q u a r t e r )  
~ G b s e t  B Tr ipneus  t e s  3 

Chondreoc ida r i s  1 1 9  1 11.1 7.7 4.9 23.7 

TOTAL 9 1 3  1862 



3 .  opoo 
kwa t 

TABLE 10  ( c o n t i n u e d )  

Area Species  No. o f  No. o f  T o t a l  R e l a t i v e  R e l a t i v e  R e l a t i v e  Importance  
quads .  o r  u r c h i n s  wet  f r equency  d e n s i t y  dominance v a l u e  ( I V )  
p o i n t s  weight: 

2 .  Kaawaloa 
Cove 
( q u a r t e r )  
Subse t  C 

2 .  Kaawaloa 
Cove 
( q u a r t e r )  
S u b s e t  E 

2 .  Kaawaloa 
Cove 
( q u a d r a t )  

H e t e r o c e n t r o t u s  

Echino t h r i x  

Tr ipneus  t e s  

Chondreoc ida r i s  

TOTAL 

H e t e r o c e n t r o t u s  

E c h i n o t h r i x  

Tr ipneus  t e s  

E u c i d a r i s  

Chondreoc ida r i s  

Diadema 

TOTAL 

H e t e r o c e n t r o t u s  

E c h i n o t h r i x  

Tr ipneus  t e s  

E u c i d a r i s  

Echinome t r a  

Diadema 

Echinos t r e p h u s  

TOTAL 



TABLE 10 (con t inued)  

Area S p e c i e s  No. o f  No. o f  T o t a l  R e l a t i v e  R e l a t i v e  R e l a t i v e  Importance 
quads.  o r  u r c h i n s  wet f r equency  d e n s i t y  dominance v a l u e  ( I V )  
p o i n t s  we igh t  

3. Napoopoo H e t e r o c e n t r o t u s  

Breakwater E c h i n o t h r i x  
( q u a r t e r )  

T r i p n e u s t e s  

TOTAL 

4. Ash iha ra  H e t e r o c e n t r o  t u s  
C o t t a g e  

Echino t h r i x  
( q u a r t e r )  
s u b s e t  A E u c i d a r i s  

TOTAL 

4. Ash iha ra  H e t e r o c e n t r o t u s  
C o t t a g e  

Echino t h r i x  
( q u a r t e r )  
Subse t  B T r i p n e u s t e s  

TOTAL 

6 .  Honaunau H e t e r o c e n t r o t u s  

Bay Echino t h r i s  
( q u a r t e r )  
Subse t  A TOTAL 

6 .  Honaunau H e t e r o c e n t r o t u s  

Bay Echino t h r i x  
( q u a r t e r )  
Subse t  B TOTAL 



TABLE 10 (con t inued)  

Area S p e c i e s  No. o f  No. o f  T o t a l  R e l a t i v e  R e l a t i v e  R e l a t i v e  Impor tance  
quads.  o r  u r c h i n s  wet  f r equency  d e n s i t y  dominance v a l u e  (IV) 
p o i n t s  we igh t  

7 .  One m i l e  H e t e r o c e n t r o t u s  4 9 819 33.3 45.0 52.6 130.9 
s o u t h  o f  Tr ipneus  t e s  
Honaunau 

4 6 696 33.3 30.0 44.7 108.0 

( q u a d r a t )  E u c i d a r i s  1 1 8 8.3 5.0 0.5 13.8 

Echinometra 3 4 33 25.0 20.0 2.1 47.1  

TOTAL 12 2 0 1556 



s t a t i s t i c a l l y  d i f f e r e n t  t r a n s e c t .  The v a r i a t i o n  between t h e  two s u b s e t s  

a c c o r d i n g l y  c a n n o t  b e  a t t r i b u t e d  t o  a  c l i n e .  The l a r g e r  s u b s e t  c o n t a i n e d  

72 d i s t a n c e  measurements w i t h  14% "Blanks." The s m a l l e r  s u b s e t  c o n t a i n e d  

12 measurements and had 33% "Blanks." To t e s t  f o r  randomness o f  u r c h i n  

d i s t r i b u t i o n ,  t h e  d i s t a n c e  measurements f o r  each  s u b s e t  were t aken  and a 

f r equency  d i s t r i b u t i o n  c o n s t r u c t e d  u s i n g  1 - f o o t  i n t e r v a l s .  The r e s u l t i n g  

d i s t r i b u t i o n s  were  t e s t e d  a g a i n s t  a  P o i s s o n  d i s t r i b u t i o n  w i t h  t h e  same 

mean u s i n g  a c h i 2  t e s t .  The 72 v a l u e  s u b s e t  d i d  n o t  approximate  a  P o i s s o n  

a t  t h e  . O 1  l e v e l  o f  s i g n i f i c a n c e  (x2 = 73.3 ,  pC.01). The var iance-mean 

r a t i o  was 16.9  i n d i c a t i n g  a  h i g h  degree  o f  a g g r e g a t i o n .  The 12 v a l u e  

s u b s e t  k i t h  i t s  obse rved  mean had i n s u f f i c i e n t  d a t a  t o  t e s t  a g a i n s t  a 

P o i s s o n  u s i n g  1' i n t e r v a l s .  I t s  var iance-mean r a t i o  was 3.7,  a g a i n  

i n d i c a t i n g  a g g r e g a t i o n .  Es t ima tes  o f  d e n s i t y  f o r  t h e  two s u b s e t s  a r e  

.04 + .02 o r  - .01 u r c h i n s  p e r  me te r  squared  f o r  t h e  72 p o i n t  s u b s e t  and 

.007 + ,002 o r  - ,001 p e r  m2 f o r  t h e  12 v a l u e  s u b s e t  (Tab le  8 ) .  Dens i ty  

e s t i m a t e d  from t h e  q u a d r a t  method i s  h i g h e r .  The s i n g l e  t r a n s e c t  o f f  t h e  

2 l i g h t h o u s e  gave .67 f .24/m n o t  c o n s i d e r i n g  Echinometra  and .83 f .27/m 2  

c o u n t i n g  Echinometra .  Aggregat ion,  however, was s t i l l  i n d i c a t e d  w i t h  a  

var iance-mean r a t i o  o f  2. The r e l a t i v e  "Importance  v a l u e s "  (Table  1 0 )  

show t h a t  E c h i n o t h r i x  and H e t e r o c e n t r o t u s  were  t h e  dominant u r c h i n s  

a c c o r d i n g  t o  t h e  q u a r t e r  method w i t h  "Importance va lues"  o f  146 and 116,  

r e s p e c t i v e l y .  T r i p n e u s t e s  and E u c i d a r i s  were  s i m i l a r  w i t h  I V ' s  o f  16 and 

15 ,  r e s p e c t i v e l y ,  and Ech inos t rephus  was l e a s t  i m p o r t a n t  w i t h  a  v a l u e  o f  8. 

Importance  v a l u e s  determined from t h e  q u a d r a t  method were s i m i l a r ,  a l t h o u g h  

H e t e r o c e n t r o t u s  was somewhat l e s s  i m p o r t a n t  and E c h i n o t h r i x  somewhat more 

i m p o r t a n t .  The v a l u e s  a r e  79 f o r  H e t e r o c e n t r o t u s  and 164 f o r  E c h i n o t h r i x  

fo l lowed by 25 f o r  Echinometra,  20 f o r  E u c i d a r i s  and 11 f o r  T r i p n e u s t e s .  



E c h i n o s t r e p h u s  was n o t  d e t e c t e d  i n  t h e  q u a d r a t  t r a n s e c t  and Echinometra  

was n o t  counted by t h e  q u a r t e r  method. The weight/m2 i n d i c a t e d  by t h e  

q u a r t e r  method was 5g f o r  Subse t  A and l g  f o r  Subse t  B. The we igh t  

i n d i c a t e d  by t h e  q u a d r a t  method i s  130 g  $ 30(SE) w i t h  a  t o t a l  o f  30 

q u a d r a t s  enumerated.  The v a l u e s  a r e  somewhat m i s l e a d i n g ,  however, 

because  of  t h e  a g g r e g a t e d  n a t u r e  o f  t h e  p o p u l a t i o n s .  A s  i n d i c a t e d  f o r  

f o r e s t  p o p u l a t i o n s  (Cottom and C u r t i s ,  1956) when t h e  p o p u l a t i o n s  a r e  

a g g r e g a t e d  t h e  d i s t a n c e  measurements o f  t h e  q u a r t e r  method a r e  t o o  l o n g  

and i n d i c a t e  fewer  i n d i v i d u a l s  p e r  u n i t  a r e a  t h a n  a c t u a l l y  a r e  p r e s e n t .  

Although n o t  documented, a l l  d i v e r s  a g r e e d  t h a t  when d e n s i t i e s  were low 

t h e r e  was a  good chance t h a t  t h e  u r c h i n  c l o s e s t  t o  t h e  b lock  was n o t  

always found.  The smal l  number of  q u a d r a t s  counted may a l s o  l e a d  t o  a n  

e r r o r  i n  e s t i m a t i o n .  

Area 2. Kaawaloa Cove. The d i s t a n c e  measurements o f  t h e  6  q u a r t e r  

t r a n s e c t s  were  lumped t o  form 2 - p o i n t  s u b s e t s  i n  each t r a n s e c t .  The 

s u b s e t s  were  t h e n  grouped i n t o  h o r i z o n t a l  s e t s  composed o f  s i m i l a r  p o i n t s  

o f  a l l  t r a n s e c t s  (i-.e., a l l  s u b s e t s  w i t h  p o i n t s  1 and 2  o f  a l l  t r a n s e c t s  

were  grouped i n t o  a  s i n g l e  s e t ,  a l l  s u b s e t s  w i t h  p o i n t s  3  and 4  o f  a l l  

t r a n s e c t s  were  grouped i n t o  a  s i n g l e  s e t ,  e t c . ) .  S u b s e t s  w i t h i n  each s e t  

were  t e s t e d  f o r  homogeneity of means. S u b s e t s  were combined a c c o r d i n g  t o  

Duncan's m u l t i p l e  r a n g e  t e s t  a t  t h e  .05 l e v e l .  These new s u b s e t s  were  now 

t e s t e d  v e r t i c a l l y  f o r  homogeneity o f  means and combined where no t  

s i g n i f i c a n t l y  d i f f e r e n t .  The r e s u l t i n g  s u b s e t s  r e p r e s e n t e d  r e g i o n s  o f  t h e  

t r a n s e c t s  t h a t  had s i m i l a r  d i s t a n c e  measurements.  Seven r e g i o n s  were 

s e g r e g a t e d  by t h i s  t e c h n i q u e .  One s u b s e t  i n c l u d e d  t h e  major  p o r t i o n  o f  

t h e  sampled r e g i o n  and c o n t a i n e d  43 p o i n t s  (142 measurements) .  There was 

one r e g i o n  w i t h  8 p o i n t s ,  one  w i t h  4 ,  3 w i t h  2  p o i n t s  and l w i t h  o n l y  1 



p o i n t  ( F i g .  28 ) .  The d i s t a n c e  measurements o f  t h e  major  r e g i o n  (Subse t  E 

i n  F i g .  25 ) were lumped i n t o  1' i n t e r v a l s  and t h e  r e s u l t i n g  d i s t r i b u t i o n  

was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from a  P o i s s o n  ( X  = 5.44, p>.05) .  A l l  
( 3  

o t h e r  r e g i o n s  had i n s u f f i c i e n t  numbers o f  measurements w i t h  t h e  obse rved  

means t o  p e r m i t  a d e q u a t e  a n a l y s i s  o f  randomness o f  measurement l e n g t h .  The 

var iance-mean r a t i o s  o f  Subse t s  A and B were  1 . 8  and 2.5,  r e s p e c t i v e l y ,  

+- i n d i c a t i n g  a g g r e g a t i o n .  Mean d i s t a n c e  (Tab le  9  ) f o r  Subse t  A was 7 .26 - 
2.32 m which g i v e s  a  d e n s i t y  e s t i m a t e  o f  .02 + .02 o r  - .01  an imals  p e r  

m e t e r  squared .  For  Subse t  B, t h e  mean d i s t a n c e  was 2.08 f 0.26 m which 

g i v e s  a  d e n s i t y  e s t i m a t e  o f  .23  + .07 o r  - .03  an imals  p e r  me te r  s q u a r e d .  

For Subse t  E  t h e  d i s t a n c e  i s  0.64 f 0.03 m and t h e  d e n s i t y  i s  2.45 + .28 

o r  - .23  p e r  m e t e r  squared .  Th i s  i n d i c a t e s  a  d e f i n i t e  d e c r e a s e  i n  d e n s i t y  

w i t h  d e p t h ,  a  c o n c l u s i o n  a l s o  reached  u s i n g  t h e  q u a d r a t  d a t a  ( F i g s .  29 and 3 0 ) .  

A l l  s p e c i e s  e x c e p t  T r i p n e u s t e s  d e c r e a s e d  i n  d e n s i t y  w i t h  i n c r e a s i n g  d e p t h .  

D e n s i t i e s  were  somewhat h i g h e r  t h a n  i n d i c a t e d  by t h e  q u a r t e r  method which 

gave a n  a v e r a g e  d e n s i t y  f o r  dep th  from a b o u t  60 f e e t  t o  5 f e e t .  The range  

i n d i c a t e d  from q u a d r a t  d a t a ,  e x c l u d i n g  Echinometra  t o  make i t  comparable 

t o  t h e  q u a r t e r  s u r v e y ,  i s  7.54 f 1.94 an imals  p e r  me te r  squared  a t  a  d e p t h  

o f  5  t o  10  f e e t  and 0 .88 f 0.30 p e r  m e t e r  squared  a t  55 t o  60 f e e t .  The 

q u a r t e r  e s t i m a t e  f a l l s  n i c e l y  between t h e s e  two extremes.  W h i t f o r d ' s  Index  

o f  Aggrega t ion  (Whit ford ,  1949) was used t o  measure degree  o f  a g g r e g a t i o n  

a t  each dep th .  Th i s  i n d e x  i s  s imply  t h e  r a t i o  o f  t h e  abundance/f requency 

where t h e  abundance i s  t h e  average  number o f  i n d i v i d u a l s  p e r  q u a d r a t  o f  

o c c u r r e n c e  and f requency  i s  t h e  p e r c e n t a g e  o f  q u a d r a t s  occupied by a  g i v e n  

s p e c i e s .  R a t i o s  between .025 and .050 i n d i c a t e  a random d i s t r i b u t i o n ,  

h i g h e r  v a l u e s  s u g g e s t  a g g r e g a t i o n  and lower  v a l u e s ,  r e g u l a r  d i s t r i b u t i o n .  

For  t h e  most  abundant  u r c h i n s ,  H e t e r o c e n t r o t u s  and Echinometra,  t h e  i n d e x  
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FIGURE 28. Areas of equal urchin density in Kaawaloa 

cove determined by the quarter method of sampling and variance 

analysis. Values for each area are given in Table 9. 
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FIGURE 2 9 .  Dens i ty  o f  t h e  u r c h i n s ,  Echinometra 
m a t h a e i  and T r i p n e u s t e s  g r a t i l l a ,  a s  a  f u n c t i o n  o f  

d e p t h .  
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FIGURE 30. Dens i ty  o f  t h e  u r c h i n  genera ,  H e t e r o c e n t r o t u s  

and E c h i n o t h r i x ,  as a f u n c t i o n  o f  dep th .  
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FIGURE 31.  Urchin biomass as a function of depth. 
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d e c r e a s e d  w i t h  dep th .  The v a l u e s  n e a r  t h e  s u r f a c e  i n d i c a t e d  a g g r e g a t i o n  

and bot tom v a l u e s  i n d i c a t e d  a  r e g u l a r  d i s t r i b u t i o n .  Th is  i s  d i f f i c u l t  t o  

i n t e r p r e t ,  however, because  t h e  Index  i s  s e n s i t i v e  t o  v a r i a t i o n s  i n  d e n s i t y  

( C u r t i s  & McIntosh,  1950) .  Values between about  20'  and 40'  i n d i c a t e d  

random d i s t r i b u t i o n .  Th is  a g a i n  g e n e r a l l y  a g r e e s  w i t h  t h e  q u a r t e r  d a t a  

which showed random d i s t r i b u t i o n  f o r  Subse t  E.  The two methods d i s a g r e e  

i n  t h a t  t h e  low S u b s e t s  o f  t h e  q u a r t e r  method, B and C ,  i n d i c a t e d  a n  

a g g r e g a t e d  d i s t r i b u t i o n  of an imals .  

According t o  t h e  q u a d r a t  d a t a ,  t h e  o n l y  s p e c i e s  t o  i n c r e a s e  w i t h  

d e p t h  was T r i p n e u s t e s .  Th i s  i s  a l s o  shown by t h e  q u a r t e r  method where 

S u b s e t s  B and C have g r e a t e r  d e n s i t i e s  t h a n  does  Subse t  E .  R e l a t i v e  

impor tance  (Tab le  10) i s  s i m i l a r  by b o t h  methods: H e t e r o c e n t r o t u s  was t h e  

most i m p o r t a n t  f o r  t h e  e n t i r e  a r e a  sampled by q u a d r a t s  (150) and f o r  

S u b s e t  E  (225) fol lowed by E c h i n o t h r i x ,  63 i n  Subse t  E ,  and Echinometra  

and E c h i n o t h r i x  b o t h  w i t h  v a l u e s  o f  58 i n  q u a d r a t s .  I n  Subse t  B,  

T r i p n e u s t e s  w a s  131 fol lowed by E c h i h o t h r i x  w i t h  98  and H e t e r o c e n t r o t u s  

w i t h  o n l y  47 .  I n  Subset  C ,  T r i p n e u s t e s  h a s  an importance v a l u e  o f  123  

fo l lowed  by H e t e r o c e n t r o t u s  w i t h  104 and E c h i n o t h r i x  w i t h  61. I n  S u b s e t  E ,  

T r i p n e u s t e s  had a n  importance v a l u e  o f  o n l y  4 by t h e  q u a r t e r  method and a n  

o v e r a l l  v a l u e  o f  26 by t h e  q u a d r a t  method. The t o t a l  weight  o f  u r c h i n s  was 

a  f u n c t i o n  o f  d e p t h  (F ig .  30 ) . 
Area 3.  Napoopoo breakwate r .  A n a l y s i s  o f  v a r i a n c e  i n d i c a t e d  t h a t  

t h e  means o f  t h e  measured d i s t a n c e s  o f  t h e  two t r a n s e c t s  were  homogeneous 

(F = 1.28,  p).05). D i s t a n c e  measurements grouped i n t o  1 - f o o t  
(1 ,691 

i n t e r v a l s  formed a  d i s t r i b u t i o n  s i g n i f i c a n t l y  d i f f e r e n t  from a P o i s s o n  

(xL (4) 
= 36.5, p<.01).  The v a r i a n c e  mean r a t i o  was 5 .1 ,  i n d i c a t i n g  

a g g r e g a t i o n .  Mean d i s t a n c e  was 2.30 + 0 . 2 1  m which g i v e s  a d e n s i t y  e s t i m a t e  



o f  0.19 f 0.04 o r  -0.03 an imals  p e r  m e t e r  squared  (Tab le  9 ) .  Because 

t h e  p o p u l a t i o n  h a s  a n  a g g r e g a t e d  d i s p e r s i o n  p a t t e r n ,  t h i s  e s t i m a t e  i s  t o o  

low (cottoin and C u r t i s ,  1956) .  The n a t u r e  o f  t h e  s u b s t r a t e  e x p l a i n s  t h e  

a g g r e g a t i o n :  c o r a l  heads  s e p a r a t e d  by sandy a r e a s .  Urch ins  were  n o t  found 

o n  sand .  Importance  v a l u e s  ( T a b l e  1 0 )  a r e ,  however, s t i l l  v a l i d  i n  

d e s c r i b i n g  t h e  compos i t ion  o f  t h e  u r c h i n  f r a c t i o n  o f  t h e  community. 

H e t e r o c e n t r o t u s  and E c h i n o t h r i x  were  s i m i l a r  t o  Subse t  E o f  Kaawaloa Cove 

and T r i p n e u s t e s  was h i g h e r :  199 i s  t h e  v a l u e  f o r  H e t e r o c e n t r o t u s ,  71 f o r  

E c h i n o t h r i x  and 30 f o r  Tr ipneus  t e s .  

Area 4 .  T. A s h i h a r a ' s  c0 t t ap .e .  Measured d i s t a n c e s  f o r  2 - p o i n t  

s u b s e t s  d i d  n o t  form a  homogeneous s e t  f o r  t h e  e n t i r e  t r a n s e c t  (F - - 
'3.59) 

4 .81 ,  ~ ( . 0 1 ) .  Two homogeneous s e t s  cou ld  be  formed u s i n g  Duncan's  m u l t i p l e  

r a n g e  t e s t  which s e p a r a t e d  t h e  t r a n s e c t  i n t o  i t s  upper  5  p o i n t s  and lower  

1 2  p o i n t s .  Wi th in  t h e  lower  12  p o i n t s ,  t h e  d i s t r i b u t i o n  o f  d i s t a n c e s  

grouped by 1 - f o o t  i n t e r v a l s  was s i g n i f i c a n t l y  d i f f e r e n t  from a P o i s s o n  

( x ~ ( ~ )  = 7.58,  p<.05)  i n d i c a t i n g  a  non-random d i s t r i b u t i o n  o f  a n i m a l s .  

The var iance-mean s t a t i s t i c  (2 .14)  showed t h a t  t h e  u r c h i n s  were a g g r e g a t e d .  

I n  t h e  u p p e r  5 p o i n t s ,  w i t h  t h e  obse rved  mean, t h e r e  were i n s u f f i c i e n t  

2  
v a l u e s  t o  r u n  a  X u s i n g  1 - f o o t  i n t e r v a l s ;  however, t h e  var iance-mean r a t i o  

was 2.46 s o  t h e  an imals  a p p a r e n t l y  a l s o  were  a g g r e g a t e d .  The mean d i s t a n c e s  

were  0.92 f 0.10 m i n  t h e  lower  s u b s e t  o f  t h e  t r a n s e c t  and 1.86 2 0.24 m 

i n  t h e  upper  s u b s e t .  These g i v e  d e n s i t y  e s t i m a t e s  o f  1 .18  + .30 o r  - .22 

and 0.29 + .43  o r  -0.14,  r e s p e c t i v e l y .  H e t e r o c e n t r o t u s  had t h e  h i g h e s t  

impor tance  v a l u e s  i n  b o t h  s u b s e t s ,  275 i n  t h e  lower p a r t  o f  t h e  t r a n s e c t  

and 162 i n  t h e  upper .  E c h i n o t h r i x  was second w i t h  15 i n  t h e  lower  and 118 

i n  t h e  u p p e r .  E u c i d a r i s  was 9  i n  t h e  lower  and n o t  p r e s e n t  i n  t h e  upper  

s u b s e t ,  and T r i p n e u s t e s  was 20 i n  t h e  upper  and n o t  p r e s e n t  i n  t h e  lower  



s u b s e t .  The d i s t r i b u t i o n  o f  t h e  u r c h i n s  i s  i n t e r e s t i n g  when compared 

w i t h  S u b s e t  E i n  Kaawaloa Cove where E u c i d a r i s  was p r e s e n t  n e a r  t h e  

s u r f a c e  and n o t  deep and T r i p n e u s t e s  was r a r e  nea r  t h e  s u r f a c e  and more 

abundan t  a t  lower  d e p t h s .  

Area 5.  Shal low a r e a  a t  Palemano P o i n t .  Sampling was done w i t h  

a  1-m2 q u a d r a t  i n  w a t e r  l e s s  t h a n  1-112 m e t e r s  deep.  A  c o n c e n t r a t i o n  o f  

T r i p n e u s t e s  was sampled w i t h  30 q u a d r a t s .  The band o f  u r c h i n s  was c a .  

8-meters  wide  and c a .  20 m e t e r s  long .  Mean d e n s i t y  w i t h i n  t h e  a g g r e g a t i o n  

2  was 4 . 3  p e r  m  ; however, t h e  range  was from 0  t o  12. H e t e r o c e n t r o t u s ,  

E c h i n o t h r i x  and Echinometra  were  p r e s e n t  i n  t h e  a r e a  around t h e  T r i p n e u s t e s  

bed b u t  were  n o t  abundan t .  The a r e a s  where T r i p n e u s t e s  was p r e s e n t  were  

b a r e  o f  a l g a e .  Algae and c o r a l  were prekient i n  su r round ing  a r e a s .  

Area 6 .  Honaunau Bay. The means o f  t h e  d i s t a n c e  measurements o f  

t h e  t h r e e  t r a n s e c t s  d i d  n o t  form a homogeneous s u b s e t  ( F  = 4.10,  
(2 ,129)  

~ < . 0 5 ) .  Duncan's  l e a s t  s i g n i f i c a n t  r a n g e  t e s t  i n d i c a t e d  t h a t  2  s u b s e t s  

s h o u l d  b e  formed, one w i t h  23 p o i n t s  ( S u b s e t  A) t h e  o t h e r  w i t h  1 0  ( S u b s e t  

B)  . Mean d i s t a n c e  i n  Subse t  A was 0 .68 * 0 .05  m and i n  Subse t  B i t  was 

0 .96 f 0.10 m .  These g i v e  d e n s i t y  e s t i m a t e s  o f  2.14 + 0.34 o r  -0.27 

a n i m a l s  p e r  m e t e r  squared  and 1 . 0 8  + 0.17 o r  -0.09. D i s t a n c e  measurements 

grouped i n t o  1 - f o o t  i n t e r v a l s  formed d i s t r i b u t i o n s  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from a  P o i s s o n  i n  bo th  s u b s e t s .  Subse t  A (x' = 4.84,  p . 0 5 )  
( 3 )  

P. 

and Subse t  B (xL 
(2 )  

= 0.82,  p > . 0 5 ) .  Importance  v a l u e s  o f  t h e  two s u b s e t s  

were  s i m i l a r  a l t h o u g h  E c h i n o t h r i x  was somewhat more i m p o r t a n t  i n  S u b s e t  B. 

The v a l u e s  were:  f o r  H e t e r o c e n t r o t u s  289 i n  Subse t  A and 262 i n  S u b s e t  B 

and E c h i n o t h r i x  11 i n  Subse t  A  and 38 i n  Subse t  B. The two s u b s e t s  

d i f f e r e d  s l i g h t l y  i n  t h e  method o f  s e l e c t i n g  p o i n t s .  The two t r a n s e c t s  

making up Subse t  A were s e t  d i r e c t l y  p e r p e n d i c u l a r  t o  t h e  s h o r e  and s o  



p o i n t s  were  sampled b o t h  on t h e  t o p s  o f  c o r a l  mounds and i n  t h e  v a l l e y s  

between mounds. Subse t  B was t a k e n  by f o l l o w i n g  a  v a l l e y  and d i d  n o t  

i n c l u d e  p o i n t s  from t h e  t o p s  o f  mounds. The c o n c l u s i o n  i s  t h a t  t o p s  o f  

mound d i f f e r  from v a l l e y s  by h a v i n g  more an imals  and p o s s i b l y  a  s l i g h t l y  

d i f f e r e n t  s p e c i e s  composi t ion.  Whether t h i s  i s  t h e  r e s u l t  o f  some i n t e r -  

a c t i o n s  t h a t  produced z o n a t i o n  i n  Kaawaloa Cove i s  n o t  known. 

Area 7 .  One m i l e  s o u t h  o f  Honaunau. The s i n g l e  q u a d r a t - t r a n s e c t  

a t  t h i s  p o i n t  was s i m i l a r  t o  t h e  t r a n s e c t  a t  Napoopoo L i g h t  w i t h  

r e s p e c t  t o  wave a c t i o n ,  exposure ,  e t c .  D e n s i t y  w i t h o u t  Echinometra  was 

e s t i m a t e d  t o  be  0.67 f 0 .24 compared t o  0 .83 2 0.19 a t  t h e  l i g h t h o u s e ,  

+ and w i t h  Echinometra  t h e  d e n s i t y  was 0.832 0.27 compared t o  0.93- 0.20 a t  

t h e  l i g h t h o u s e ,  The u r c h i n s  were a g g r e g a t e d  a s  i n d i c a t e d  by t h e  v a r i a n c e -  

mean r a t i o  o f  2 .0 .  The most  i m p o r t a n t  u r c h i n  was H e t e r o c e n t r o t u s  w i t h  a  

v a l u e  o f  131 fol lowed by T r i p n e u s t e s  w i t h  108. E c h i n o t h r i x  d i d  n o t  appear  

i n  t h e  sample and i s  a  major  d i f f e r e n c e  between t h i s  sample and t h o s e  a t  

Napoopoo L i g h t  where E c h i n o t h r i x  was t h e  most  impor tan t  bo th  by t h e  q u a d r a t  

method and t h e  q u a r t e r  method. 

D i s c u s s i o n  

S e v e r a l  g e n e r a l  c o n c l u s i o n s  a r e  w a r r a n t e d  from t h e  s t u d y  o f  u r c h i n s  

o f  Kealakekua and Honaunau Bays on t h e  Kona Coas t  o f  Hawaii .  F i r s t ,  i n  

descend ing  o r d e r  o f  importance ,  t h e  u r c h i n s  a r e  H e t e r o c e n t r o t u s ,  E c h i n o t h r i x  

and Echinometra .  Th i s  i s  fo l lowed  by T r i p n e u s t e s  and s e v e r a l  minor  s p e c i e s :  

E u c i d a r i s ,  Diadema, C o l o b o c e n t r o t u s ,  Chondreoc ida r i s  and E c h i n o s t r e p h u s .  

T h i s  l i s t  i s  n e a r l y  t h e  e n t i r e  s h a l l o w  w a t e r  r e g u l a r - e c h i n o i d  fauna  o f  

Hawaii .  Ly tech inus  and P s e u d o b o l e t i a  may be  p r e s e n t .  T h i s ,  however, would 

n o t  make t h e  bays un ique  f o r  t h e  u r c h i n s  appear  t o  be g e n e r a l l y  d i s t r i b u t e d  

among t h e  i s l a n d s  (Edmondson, 1946) .  However, t h e  abundance o f  H e t e r o c e n t r o t u s  



does  make t h e  a r e a  un ique  because  o t h e r  t h a n  t h e  Kona Coast  and a  few s i t e s  

on Maui such  a s  M o l i k i n i  Reef (J. Maciolek,  p e r s o n a l  communication),  

K e t e r o c e n t r o t u s  i s  n o t  common. A second c o n c l u s i o n  i s  t h a t  u r c h i n s  form 

a  segment o f  t h e  sha l low w a t e r  communities t h a t  p robab ly  r e c e i v e s  a  l a r g e  

p o r t i o n  o f  t h e  energy  from pr imary  p r o d u c t i o n .  Th i s  i s  based  o n  s t a n d i n g  

c r o p s  t h a t  may r e a c h  n e a r l y  1 k i l o g r a m  p e r  me te r  squared .  A t h i r d  g e n e r a l  

c o n c l u s i o n  i s  t h a t  t h e  l o c a l  d i s t r i b u t i o n  p a t t e r n s  and s p e c i e s  compos i t ions  

s u g g e s t  t h a t  l i m i t a t i o n  o f  d i s t r i b u t i o n  o f  a  g i v e n  s p e c i e s  i s  complex and 

n o t  dependen t  upon a  

The f o l l o w i n g  

t h e  f i r s t  c o n c e r n i h g  

t h e  d i s t r i b u t i o n  and 

S i n g l e  f a c t o r .  

d i s c u s s i o n  c a n  c o n v e n i e n t l y  be d i v i d e d  i n t o  two p a r t s :  

t h e  p r o b a b l e  f a c t o r s  invo lved  i n  t h e  l i m i t a t i o n  o f  

abundance o f  u r c h i n  s p e c i e s  and,  second ly ,  some sug- 

g e s t i o n s  o f  t h e  r o l e s  o f  u r c h i n s  i n  community f u n c t i o n .  

There  a r e  a t  l e a s t  5 and p o s s i b l y  6  f a c t o r s  which must  be  c o n s i d e r e d  

i n  a  d i s c u s s i o n  o f  t h e  d i s t r i b u t i o n  and abundance of  u r c h i n s  i n  Kealakekua 

and Honaunau Bays: d e p t h ,  s u b s t r a t e ,  exposure  t o  waves, food,  an imal  

b e h a v i o r  and chance.  None o f  t h e s e  c a n  be  d e f i n i t i v e l y  a s s e s s e d  v i t h  t h e  

d a t a  p r e s e n t e d ;  however, s e v e r a l  r e a s o n a b l e  s u g g e s t i o n s  can  be  made and 

t h e  problems f o r  f u r t h e r  s t u d y  c a n  be  b e t t e r  d e f i n e d .  

Depth. There  was l i t t l e  c o r r e l a t i o n  between assemblage compos i t ion  

and d e p t h .  I n  Kaawaloa Cove, T r i p n e u s t e s  was i n f r e q u e n t  n e a r  s h o r e  i n  

s h a l l o w  w a t e r  and showed b o t h  a h i g h e r  d e n s i t y  and h i g h e r  importance  v a l u e  

a t  lower  d e p t h s .  I t  i n c r e a s e d  i n  numbers a s  o t h e r  u r c h i n s  d e c r e a s e d .  Off 

t h e  Ash iha ra  c o t t a g e ,  T r i p n e u s t e s  was r a r e  i n  t h e  lower p a r t  o f  t h e  t r a n s e c t  

and more abundant  n e a r  t h e  s h o r e .  A t  Palemano P o i n t  i t  was t h e  most 

abundant  u r c h i n  i n  1 mete r  o f  w a t e r .  E u c i d a r i s  i n  Kaawaloa Cove was found 

o n l y  i n  t h e  q u a d r a t s  n e a r  t h e  s u r f a c e  b u t  i s  d e s c r i b e d  by Edrnondson (1946) 



as g e n e r a l l y  b e i n g  more common a t  d e p t h s  o f  s e v e r a l  fathoms. Chondreoc idar i s  

was found o n l y  i n  t h e  d e e p e s t  p o r t i o n s  o f  t h e  t r a n s e c t s .  Because g e n e r a l l y  

t r a n s e c t s  were  n o t  s t a r t e d  below 50-60 f e e t ,  i t  was recorded  o n l y  from 

Kaawaloa Cove where some t r a n s e c t s  were s t a r t e d  a t  110 f e e t .  I t s  observed  

d i s t r i b u t i o n  i s  i n  accord  w i t h  t h a t  sugges ted  by Edmondson (1946) .  

There was a  s t r i k i n g  d e c r e a s e  i n  t h e  numbers o f  u r c h i n s  w i t h  

i n c r e a s i n g  d e p t h  i n  Kaawaloa Cove. The r e v e r s e ,  however, was t r u e  f o r  t h e  

t r a n s e c t  o f f  t h e  Ashihara  c o t t a g e  where t h e r e  were more an imals  away from 

s h o r e  i n  deeper  w a t e r  t h a n  were  p r e s e n t  i n  t h e  sha l lows .  It seems w a r r a n t e d  

t o  conc lude  t h a t  d e p t h ,  p e r  s e ,  i s  un impor tan t  i n  de te rmin ing  d i s t r i b u t i o n  

and t h a t  i n  c a s e s  where t h e r e  i s  a  c o r r e l a t i o n  w i t h  dep th  i t  i s  n e c e s s a r y  

t o  f u r t h e r  examine o t h e r  f e a t u r e s  o f  t h e  environment t o  de te rmine  t h e  

c a u s e s  f o r  observed d i s t r i b u t i o n s .  

S u b s t r a t e .  There appeared t o  be c e r t a i n  s u b s t r a t e  requ i rements  o f  

each s p e c i e s :  c r e v i c e s  f o r  H e t e r o c e n t r o t u s ,  smal l  l edges  o r  l a r g e  c a v i t i e s  

f o r  E c h i n o t h r i x  and low r e l i e f  w i t h o u t  l i v i n g  c o r a l  f o r  T r i p n e u s t e s .  

P resence  o f  c o r a l ,  e i t h e r  l i v i n g  o r  dead,  d i d  n o t  appear  t o  be r e q u i r e d  

by H e t e r o c e n t r o t u s  o r  E c h i n o t h r i x .  I n  t h e  Ashihara  t r a n s e c t ,  t h e r e  was 

l i v i n g  c o r a l  away from s h o r e ,  and n e a r  s h o r e  t h e  rocks  were r e l a t i v e l y  

b a r r e n .  I n  Kaawaloa Cove, dead c o r a l  i n c r e a s e d  w i t h  dep th .  The a r e a  a t  

Palemano P o i n t  where T r i p n e u s t e s  was abundant a l s o  lacked l i v i n g  c o r a l .  

H e t e r o c e n t r o t u s  was found b o t h  on l i v i n g  and dead c o r a l  and on l a v a  r o c k s .  

The s i z e  d i s t r i b u t i o n  o f  H e t e r o c e n t r o t u s  on  t h e  l a v a  t a l l u s  by t h e  d i k e  i n  

Kaawaloa Cove was s h i f t e d  towards l a r g e  i n d i v i d u a l s .  Whether t h i s  i s  due t o  

a  h i g h e r  growth r a t e  o r  longer  l i f e  compared t o  t h e  c o r a l  a r e a s  o f  

Kaawaloa Cove i s  n o t  known. 



Exposure.  Exposure t o  t h e  open s e a  i s  c o r r e l a t e d  w i t h  numbers o f  

u r c h i n s  o f  some s p e c i e s .  G e n e r a l l y  d e n s i t y  dec reased  from a  p r o t e c t e d  bay 

t o  t h e  exposed c o a s t .  There  was a  h i g h e r  u r c h i n  d e n s i t y  i n  a l l  a r e a s  o f  

Kealakekua and Honaunau Bays t h a n  i n  t r a n s e c t s  a t  Napoopoo L i g h t  and one 

m i l e  s o u t h  o f  Honaunau. S p e c i e s  d i v e r s i t y  was h i g h e s t  i n  Kaawaloa Cove 

b u t  was low i n  Honaunau Bay s o  p r o t e c t i o n  from h i g h  s u r f  does  n o t  i n s u r e  

h i g h  u r c h i n  d i v e r s i t y .  C e r t a i n  s p e c i e s  were s u r f  s e n s i t i v e .  Co lobocen t ro tus  

was n o t  p r e s e n t  i n  Kaawaloa Cove b u t  was common by t h e  l i g h t h o u s e  and was 

obse rved  a t  t h e  top o f  t h e  t r a n s e c t  a t  t h e  Ashihara  c o t t a g e .  Echinometra  

ob longa  was n o t  p r e s e n t  i n  Kaawaloa Cove b u t  appeared i n  s l i g h t l y  more 

exposed c o n d i t i o n s  such a s  t h e  Ash iha ra  t r a n s e c t  and a t  t h e  t o p s  o f  t h e  

t r a n s e c t s  i n  Honaunau Bay. E c h i n o s t r e p h u s  was recorded  o n l y  i n  Kealakekua 

Bay and was more i m p o r t a n t  i n  samples  from t h e  l i g h t h o u s e .  A s i n g l e  

specimen was r e c o r d e d  i n  Kaawaloa Cove. H e t e r o c e n t r o t u s  had h i g h e r  

impor tance  v a l u e s  i n  p r o t e c t e d  r e g i o n s  and a l s o  h i g h e r  d e n s i t i e s .  E c h i n o t h r i x  

appeared  t o  be l e s s  s e n s i t i v e  t o  wave exposure  t h a n  d i d  H e t e r o c e n t r o t u s  

and s o  i t s  importance  v a l u e s  tended t o  i n c r e a s e  even though i t s  d e n s i t i e s  

d e c r e a s e d .  T r i p n e u s t e s  shows no c o n s i s t a n t  p a t t e r n  w i t h  r e s p e c t  t o  exposure .  

A t  Napoopoo L i g h t  i t  formed a r e l a t i v e l y  un impor tan t  f r a c t i o n  o f  t h e  u r c h i n s  

w i t h  a n  importance  v a l u e  o f  20 by t h e  q u a r t e r  method and 11 i n  t h e  q u a d r a t  

t r a n s e c t .  One m i l e  s o u t h  o f  Honaunau, T r i p n e u s t e s  was t h e  second most 

i m p o r t a n t  animal  w i t h  a n  impor tance  v a l u e  o f  108.  I n  Kaawaloa Cove i n  

S u b s e t  B, which i s  below 50 ' ,  T r i p n e u s t e s  was t h e  most  i m p o r t a n t  w i t h  a  

v a l u e  o f  130. I t  was most  dense  i n  t h e  h i g h l y  p r o t e c t e d  a r e a  a t  Palemano 

P o i n t .  I f  t h e r e  i s  a  p a t t e r n  i t  s u g g e s t s  t h a t  T r i p n e u s t e s  c a n  s u r v i v e  

under  a  wide range  o f  s u r f  c o n d i t i o n s  b u t  does  b e s t  i n  p r o t e c t e d  a r e a s .  



167 

Food. I n  Kaawaloa Cove, t h e  d e c r e a s e  i n  u r c h i n  numbers w i t h  i n c r e a s i n g  - 
d e p t h  does  c o r r e l a t e  w i t h  d e c r e a s i n g  l i g h t  and s o  presumably w i t h  pr imary 

p r o d u c t i v i t y .  Unl ike  S t r o n g y l o c e n t r o t u s  ( E b e r t ,  1969) i n  which biomass b u t  

n o t  numbers appeared  t o  be food l i m i t e d ,  b o t h  numbers and biomass o f  u r c h i n s  

i n  Kaawaloa Cove c o r r e l a t e  w i t h  d e c r e a s i n g  pr imary p r o d u c t i o n .  Whether food 

was a c t u a l l y  l i m i t i n g  was, o f  c o u r s e ,  n o t  determined by t h i s  s t u d y  and t h e  

impor tance  o f  t h e  s u b s t r a t e  a s  i n d i c a t e d  i n  t h a t  s e c t i o n  may b e  o f  p r imary  

impor tance .  

Behavior .  Behavior d u r i n g  two s t a g e s  o f  t h e  l i f e  c y c l e  would be 

i m p o r t a n t :  l a r v a l  s e t t l i n g  and movements o f  t h e  a d u l t s .  There  a r e  i n d i c a -  

t i o n s  t h a t  u r c h i n s  t end  t o  s e t t l e  where a d u l t s  l i v e  (Moore e t  a l . ,  1963; 

E b e r t ,  1969) .  The l a r v a e  a l s o  o b v i o u s l y  have t h e  a b i l i t y  t o  s e t t l e  i n  a r e a s  

n o t  occup ied  by a d u l t s  and s o  c o l o n i z e  new a r e a s .  As a d u l t s ,  Echinus  i s  

known t o  make s e a s o n a l  m i g r a t i o n s  ( E l m h i r s t ,  1922; S t o t t ,  1931) and 

S t r o n g y l o c e n t r o t u s  p u r p u r a t u s ,  2. f r a n c i s q a n u s  (Le igh ton ,  1963,  & North ,  

1963) and P a r a c e n t r o t u s  ( K i t c h i n g  and E b l i n g ,  1961) a r e  known t o  move i n  

r e s p o n s e  t o  low food.  I n  Kaawaloa Cove, low p r o d u c t i o n  i n  deep w a t e r  may 

b e  a s t i m u l u s  which c a u s e s  a d u l t s  t o  m i g r a t e  towards t h e  s u r f a c e .  Adul t  

movement would be  impor tan t  o n l y  f o r  t h o s e  s p e c i e s  t h a t  do n o t  l i v e  i n  

c a v i t i e s  o f  t h e i r  own c o n s t r u c t i o n .  I t  i s  u n l i k e l y  t h a t  t h e  d i s t r i b u t i o n  

o f  Echinometra  o r  Ech inos t rephus  i s  de te rmined  by a d u l t  b e h a v i o r .  

Chance. C e r t a i n  f e a t u r e s  o f  t h e  d i s t r i b u t i o n  o f  u r c h i n s  i n  t h i s  

s t u d y  appear  n o t  t o  be  a s s o c i a t e d  w i t h  p h y s i c a l  o r  b i o l o g i c a l  f a c t o r s .  A t  

Napoopoo L i g h t ,  E c h i n o t h r i x  was c a l c u l a t e d  t o  have a n  importance  v a l u e  o f  

143  by t h e  q u a r t e r  method and 164 by t h e  q u a d r a t  method. It d i d  n o t  appear  

i n  t h e  t r a n s e c t  one m i l e  s o u t h  o f  Honaunau. T r i p n e u s t e s  was a l s o  d i f f e r e n t  

between t h e s e  two s t a t i o n s  a s  i n d i c a t e d  i n  t h e  s e c t i o n  on exposure ,  b e i n g  



h i g h  s o u t h  o f  Honaunau and low by t h e  l i g h t h o u s e .  F i n a l l y ,  H e t e r o c e n t r o t u s  

i s  h i g h l y  i m p o r t a n t  i n  most  o f  t h e  s i t e s  examined a l o n g  t h e  Kona Coas t  y e t  

i s  g e n e r a l l y  uncommon i n  o t h e r  a r e a s  a l o n g  t h e  Hawaiian I s l a n d  c h a i n .  

Whether H e t e r o c e n t r o t u s  h a s  a lways  been r a r e  i n  o t h e r  a r e a s  i s  n o t  known 

f o r  c e r t a i n .  Edmondson (1946) l i s t s  T r i p n e u s t e s  and E c h i n o t h r i x  a s  common 

forms and s a y s  t h a t  H e t e r o c e n t r o t u s  " f r e q u e n t s  t h e  o u t e r  b o r d e r  o f  t h e  

r e e f  p l a t f o r m ,  b u t  young specimens a r e  sometimes s e e n  n e a r  t h e  shore . "  

Th i s  a p p l i e s  ma in ly  t o  Oahu. The i m p r e s s i o n  i s  g i v e n  by Edmondson t h a t  

H e t e r o c e n t r o t u s  c e r t a i n l y  h a s  n o t  been a  dominant e lement  o f  t h e  e c h i n o i d  

fauna  f o r  t h e  p a s t  70 y e a r s ,  i f  i t  e v e r  was. Even though H e t e r o c e n t r o t u s  

i s  c o l l e c t e d  t o  make wind chimes f o r  t o u r i s t s  and Oahu h a s  a  much h i g h e r  

human p o p u l a t i o n ,  t h e r e  a r e  a r e a s  b o t h  on Oahu and o t h e r  i s l a n d s  t h a t  a r e  

a t  l e a s t  a s  f r e e  o f  human i n t e r v e n t i o n  a s  i s  t h e  Kona Coas t  o f  Hawaii .  

H e t e r o c e n t r o t u s  i s  even p r e s e n t  i n  Ka i lua  Bay on t h e  Kona Coas t  which 

r e c e i v e s  s u b s t a n t i a l  human w a s t e  p o l l u t i o n .  The environment  seems t o  be 

no d i f f e r e n t  a l o n g  t h e  Kona Coas t  t h a n  i t  i s  i n  many o t h e r  a r e a s  o f  Hawaii .  

A d e f i n i t e  p o s s i b i l i t y  f o r  e x p l a i n i n g  t h i s  d i s t r i b u t i o n  i s  t h a t  chance h a s  

p l a y e d  a  v e r y  i m p o r t a n t  r o l e  o n  a s m a l l  s c a l e  i n  d e t e r m i n i n g  l o c a l  d i s -  

t r i b u t i o n s  o f  such  u r c h i n s  a s  E c h i n o t h r i x  and T r i p n e u s t e s  and on a  l a r g e r  

s c a l e  i n  t h e  e s t a b l i s h m e n t  o f  t h e  l a r g e r  p o p u l a t i o n s  o f  H e t e r o c e n t r o t u s  

a l o n g  t h e  Kona Coas t .  

F u n c t i o n  o f  u r c h i n s  w i t h i n  t h e  community 

I n  o r d e r  t o  p r o p e r l y  e v a l u a t e  t h e  r o l e  o f  u r c h i n s  i n  t h e  communities 

a l o n g  t h e  Kona Coas t ,  i t  would be  n e c e s s a r y  t o  have i n f o r m a t i o n  a v a i l a b l e  

on growth,  r e c r u i t m e n t ,  m o r t a l i t y ,  f e e d i n g  and r e s p i r a t o r y  r a t e s  and a  

f u r t h e r  a n a l y s i s  o f  t h e  biomass i n  terms o f  c a l o r i c  c o n t e n t  r a t h e r  t h a n  

s imply  wet-weight .  However, even w i t h  such  l i m i t a t i o n s ,  i t  i s  s t i l l  



p o s s i b l e  t o  make a  r e a s o n a b l e  e s t i m a t e  o f  biomass t u r n o v e r  and o f  p o s s i b l e  

r a t e s  o f  r e c o v e r y  shou ld  t h e  community be damaged by c o l l e c t i n g ,  p o l l u t i o n  

o r  n a t u r a l  d i s a s t e r .  The h i g h e s t  secondary  p r o d u c t i v i t y  i n  n a t u r a l  w a t e r s  

2 r e p o r t e d  by Odum (1959) was 39 g/m - y e a r  f o r  German f i s h  ponds (Viosca ,  

1935) .  A t  t h i s  r a t e  i t  would r e q u i r e  between 5 and 6  y e a r s  t o  accumulate  

2 t h e  biomass o f  200-300 g/m e s t i m a t e d  a s  a n  a v e r a g e  i n  Kaawaloa Cove and 

Honaunau Bay. C o n s i d e r i n g  t h a t  u r c h i n s  s t i l l  must  s h a r e  energy  from pr imary  

p r o d u c t i o n  w i t h  t h e  r e s t  o f  t h e  community and t h a t  u r c h i n  p o p u l a t i o n s  w i l l  

e x p e r i e n c e  a n  energy  l o s s  due t o  m o r t a l i t y ,  t h e  p o p u l a t i o n  t u r n o v e r  r a t e s  

most  c e r t a i n l y  exceed 5  y e a r s  and q u i t e  l i k e l y  a r e  c l o s e r  t o  10 .  Such a 

p e r i o d  o f  t ime  i s  i m p o r t a n t  i n  e v a l u a t i n g  t h e  a b i l i t y  o f  a  community t o  

r e p a i r  i t s e l f .  Community damage and unbalance  o f  s e a  u r c h i n  p o p u l a t i o n s  

have been r e p o r t e d  by North e t  a l .  (1963) who showed t h a t  t h e  p u r p l e  s e a  

u r c h i n  S t r o n g ~ l o c e n t r o t u s  p u r p u r a t u s  i n c r e a s e d  i n  t h e  a r e a  around San Diego,  

C a l i f o r n i a ,  a p p a r e n t l y  a s  a r e s u l t  o f  p o l l u t i o n  (Le igh ton  e t  a l . ,  1966) .  -- 
The p a t t e r n  a p p a r e n t l y  was t h a t  f i r s t  p o l l u t a n t s  k i l l e d  t h e  k e l p  Macorcyc t i s  

and t h e n  t h e  u r c h i n  p o p u l a t i o n s  "exploded" and p reven ted  t h e  r e e s t a b l i s h -  

ment o f  t h e  k e l p .  I have d i s c u s s e d  t h e  r e g u l a t i o n  o f  i n t e r t i d a l  p o p u l a t i o n s  

o f  S t r o n g y l o c e n t r o t u s  i n  Sunse t  Bay, Oregon ( E b e r t ,  1969) ,  and concluded 

t h a t  numbers o f  i n d i v i d u a l s  appeared  t o  be r e g u l a t e d  by " s u i t a b l e  p l a c e s  

i n  which t o  l i v e "  (Andrewartha, 1 9 6 1 ) ,  b u t  t h a t  biomass was r e g u l a t e d  by 

a v a i l a b l e  food.  The d i s t r i b u t i o n s  may be  s i m i l a r  w i t h  i n t e r - r e l a t i o n s  o f  

s u b s t r a t e  and food i n  d e t e r m i n i n g  d i s t r i b u t i o n  and abundance under  a  g i v e n  

exposure  c o n d i t i o n .  A f u r t h e r  m o d i f i c a t i o n  found i n  t h e  s u b - l i t t o r a l  

p o p u l a t i o n s  examined would be  t h e  a b i l i t y  o f  a d u l t  u r c h i n s  t o  modify  t h e i r  

d i s t r i b u t i o n a l  p a t t e r n  i n  r e s p o n s e  t o  food ,  s u b s t r a t e  o r  exposure .  T h i s  

o b v i o u s l y  i s  h i g h l y  s p e c u l a t i v e  and i s  i n c l u d e d  main ly  t o  pose  a d i r e c t i o n  

f o r  f u r t h e r  work. 



P r e d i c t i o n s  o f  t h e  r e s u l t s  o f  human a c t i v i t i e s  must n a t u r a l l y  be 

v e r y  t e n t a t i v e ;  however, a  number o f  most p robab le  r e s u l t s  can be s u g g e s t e d .  

F i r s t ,  a n y t h i n g  t h a t  would t e n d  t o  e l i m i n a t e  t h e  l i v i n g  c o r a l  would p robab ly  

change t h e  s p e c i e s  compos i t ion  o f  Kaawaloa Cove o r  Honaunau. The most 

l i k e l y  change would b e  r e d u c t i o n  o f  H e t e r o c e n t r o t u s  and a  p o s s i b l e  i n c r e a s e  

o f  T r i p n e u s t e s .  With t h e  a s s o c i a t e d  decrease  i n  r e l i e f  o f  t h e  bottom, 

E c h i n o t h r i x  would a l s o  be  d e c r e a s e d .  Sewage t r e a t m e n t  p l a n t s  would 

i n c r e a s e  t u r b i d i t y  and,  through l i g h t  a t t e n u a t i o n ,  would d e c r e a s e  produc- 

t i v i t y  w i t h  d e p t h .  Th is  would c a u s e  a  s h a r p e r  z o n a t i o n  o f  u r c h i n s  w i t h  

fewer a t  lower d e p t h s .  The n e t  r e s u l t  would be a n  o v e r a l l  d e c r e a s e  i n  

u r c h i n  biomass. Because i t  p r e s e n t l y  i s  n o t  known whether  t h e  abundance 

o f  H e t e r o c e n t r o t u s  on t h e  Kona Coas t  r e p r e s e n t s  p a r t  o f  a  " c l i m a t i c  

climax' '  o r  was determined by chance,  t h e  recovery  of a  bay such a s  

Kealakekua a f t e r  a  d i s a s t e r  i s  d i f f i c u l t  t o  p r e d i c t .  I f  t h e  a r e a  i s  a  

c l i m a t i c  c l imax  i t  would r e t u r n  t o  i t s  o r i g i n a l  s t a t e .  On t h e  o t h e r  hand, 

i f  t h e  s p e c i e s  composi t ion was e s t a b l i s h e d  by chance,  t h e n  s e v e r e  damage 

would n o t  n e c e s s a r i l y  be  r e p a r a b l e .  From t h e  d a t a  p r e s e n t e d  i n  t h i s  s tudy ,  

i t  appears  l i k e l y  t h a t  chance may be  i m p o r t a n t .  



Chapter  10 

CRUSTACEA 

The on ly  l a r g e r  c r u s t a c e a n  s e e n  i n  numbers was t h e  " c l e a n i n g  

shr imp,"  Stenopus h i s p i d u s .  Although i t  seems l i k e l y  t h a t  many s m a l l e r  

decapods l i v e  among t h e  deep i n t e r s t i c e s  o f  t h e  c o r a l ,  it seems e q u a l l y  

l i k e l y  t h a t  such c r u s t a c e a n s  would occur  among t h e  c o r a l  r u b b l e  b o r d e r -  

i n g  t h e  deep sand.  S e v e r a l  c o r a l  f ragments  were o v e r t u r n e d  w i t h o u t  

n o t i n g  such c r u s t a c e a .  

The number o f  l o b s t e r s  ( P a n u l i r u s  japonicus)  observed i n  

Kealakekua Bay was thought  d i s p r o p o r t i o n a t e l y  few c o n s i d e r i n g  t h e  

abundant cover .  It was concluded they a r e  s c a n t  h e r e .  

Kona c r a b s  (Ranina s e r r a t a )  were a l s o  r a r e l y  s e e n ,  b u t  a r e  thought  

by some t o  be abundant i n  Kealakekua Bay. They were n o t e d  i n  t h e  

sandy bottom on two F i s h  and Game t r a n s e c t s  i n  t h e  bay,  and l o c a l  

r e s i d e n t s  engage i n  c r a b  t r a p p i n g .  The r e d  pebb lec rab  ( E t i s u s  s p l e n -  

d i d u s )  was a l s o  i n f r e q u e n t l y  r e p o r t e d .  

Kona c r a b s  l i v e  i n  sandy a r e a s  n o t  f requen ted  by f i s h .  They a r e  

dawn f e e d e r s ,  remaining burrowed i n  t h e  sand d u r i n g  d a y l i g h t  h o u r s ,  

and hence would be e a s i l y  missed  by t h e  su rvey ing  SCUBA d i v e r s  working,  

a s  t h e y  d i d  d u r i n g  t h i s  s u r v e y ,  o n l y  by day. 



Chapter 11 

FISH 

( D i v i s i o n  o f  F i s h  and Game's f i s h  su rvey  r e p o r t )  

I n t r o d u c t i o n  

This  i s  a summary of t h e  D i v i s i o n  o f  F i s h  and Game's f i s h  su rvey  

a c t i v i t i e s  a t  Kealakekua Bay and Honaunau Bay, Kona, Hawaii. During 

t h e  p e r i o d  from June through December, 1968, t h r e e  f i s h  su rveys  were 

made t o  t h e  a r e a  i n  June,  August and October .  (For  e x a c t  d a t e s  and 

a c t i v i t i e s  d u r i n g  t h e s e  su rveys  s e e  Q u a r t e r l y  s u r v e y  r e p o r t s  by Div i -  

s i o n  o f  F i s h  and Game, S t a t e  o f  Hawaii.) 

I n  June,  a p r e l i m i n a r y  s u r f a c e  su rvey  was made a t  Kealakekua Bay 

and Honaunau Bay t o  s e l e c t  s i t e s  f o r  o u r  permanent f i s h  su rvey  s t a t i o n s .  

Seven s t a t i o n s  were s e l e c t e d ,  f i v e  i n  Kealakekua Bay and two i n  Honaunau 

Bay. The l o c a t i o n s  and d i r e c t i o n s  o f  t h e s e  s t a t i o n s  a r e  d e s c r i b e d  i n  

c h a r t s  submi t t ed  w i t h  t h e  Q u a r t e r l y  su rvey  r e p o r t .  

A t  each s t a t i o n ,  we l a i d  a  permanent s t a i n l e s s  s t e e l  underwater  

t r a n s e c t  l i n e  250 y a r d s  long  w i t h  t i l e  b locks  spaced 25 y a r d s  a p a r t  t o  

keep t h e  l i n e  i n  p l a c e .  The t r a n s e c t  l i n e  a t  s t a t i o n  no. 3 (Kealakekua 

Bay) was n o t  l a i d  on t h e  f i r s t  su rvey  ( J u n e ) ,  bu t  e s t a b l i s h e d  on t h e  

second survey  (August) .  The l i n e  a t  s t a t i o n  no.  2 (Kealakekua Bay) was 

of nylon and changed t o  s t a i n l e s s  s t e e l  on t h e  second survey .  The 

t r a n s e c t  l i n e  a t  s t a t i o n  no. 5 was 200 y a r d s  long and extended t o  250 

y a r d s  i n  August .  The landmarks used t o  l o c a t e  each t r a n s e c t  l i n e  were 

p r e s e n t e d  i n  t h e  f i r s t  Q u a r t e r  survey r e p o r t .  

To survey t h e  f i s h e s  a t  each s t a t i o n ,  we used two d i v e r s  swimming 

a l o n g  each s i d e  o f  t h e  t r a n s e c t  l i n e ,  i d e n t i f y i n g ,  c o u n t i n g  and 



e s t i m a t i n g  s i z e  o f  f i s h  w i t h i n  20 f e e t  o f  t h e  l i n e .  For t h e  d i s t a n c e  

of 250 y a r d s  o r  750 f e e t ,  t h e  40-foot-wide s t r i p  (20 f e e t  on each s i d e )  

e q u a l l e d  30,000 s q .  f e e t  o r  0.7 of a n  a c r e .  The f i s h  coun ts  a r e  l a t e r  

conver ted  t o  t o t a l  pounds o f  each s p e c i e s  w i t h  length-weight  c o n s t a n t s  

and e x p r e s s e d  i n  pounds of f i s h  p e r  a c r e .  

R e s u l t s  

The f o l l o w i n g  a r e  summaries o f  number o f  f i s h e s  counted,  s p e c i e s  

composi t ion and  pounds of f i s h e s  p e r  a c r e .  

Number o f  F i s h e s  Counted 

The number o f  f i s h  counted a t  each s t a t i o n  ranged from 533 t o  

2,366 w i t h  a n  o v e r - a l l  average  o f  1 ,152 f i s h  counted p e r  s t a t i o n .  The 

l a r g e s t  a v e r a g e  number of f i s h e s  (1 ,837)  was counted on s t a t i o n  no.  7 

i n  Honaunau Bay and t h e  lowest  average  c o u n t s  o c c u r r e d  on s t a t i o n s  n o s .  

4 and 5 i n  Kealakekua Bay. Counts o f  f i s h  on t h e  s t a t i o n s  a r e  p r e -  

s e n t e d  i n  T a b l e  11. 

TABLE 11. Number of f i s h  counted a t  each s t a t i o n  on each survey .  

Kea lakekua Bay Honaunau Bay 
S t a t i o n  

Survey 1 2 3 * 4 5 6 7 

June 1,073 1,133 - 561 616 925 2,366 

Aug . 918 1,064 583 716 533 1 ,623 975 

Oct .  912 1,937 1,356 673 792 2,106 2,170 

TOTAL 2,903 4 ,134  1 ,939 1 ,950 1 , 9 4 1  4 ,654  5 ,511  

MEAN 968 1 ,378  970 650 647 1 ,551  1,837 1,152 

* S t a t i o n  no. 3 e s t a b l i s h e d  i n  August .  



Species  Composition 

One hundred and twenty-one d i f f e r e n t  spec i e s  of f i s h e s  were 

observed i n  Kealakekua Bay and Honaunau Bay on the  th ree  surveys 

(Table 1 6 ) .  Of t h i s ,  110 spec ies  were found i n  Kealakekua Bay and 98 

spec ies  were found i n  Honaunau Bay. 

Of the  f i s h e s  i n  Kealakekua Bay, 32 spec i e s  were found on a l l  f i v e  

s t a t i o n s .  In  Honaunau Bay, 59 of the spec i e s  were found on both of 

the two s t a t i o n s .  Among the  d i f f e r e n t  spec i e s  i n  Kealakekua and Honau- 

nau Bays, t h e r e  were 87 spec ies  t h a t  occurred on the  surveys a t  a l l  

s t a t i o n s  and the re  were 13 spec ies  t h a t  were present  i n  a l l  s t a t i o n s  

during every survey. These most common spec i e s  a r e  given i n  Table 12. 

TABLE 1 2 .  F i sh  spec ies  observed on a l l  s t a t i o n s  on 
every survey i n  Kealakekua Bay and Honaunau Bay. 

S c i e n t i f i c  Name Common Name 

1 .  Centropyge p o t t e r i  P o t t e r ' s  angel  
2.  Chaetodon orna t i ss imus  Orange s t r i p e  b u t t e r f l y  
3 .  C .  mu l t i c inc tus  
4 .  Chromis leucurus Whi t e - t a i l  damsel 
5 .  Ctenochaetus s t r i g o s u s  Kole 
6.  Forc ip iger  l o n g i r o s t r i s  Long-nose b u t t e r f l y  
7 .  Naso l i t u r a t u s  Ka l a  
8 .  Parupeneus m u l t i f a s c i a t u s  Moano 
9 .  Pomocentrus j enk ins i  Yellow eye damsel 

10. Scarus dubius Uhu 
11. Zanclus canescens Kih ik ih i  
12. Zebrasoma f lavescens  Yellow tang 
13. Thalassoma duper rey i  Hinalea 

The number of spec ies  observed a t  each s t a t i o n  ranged from 37 t o  

58 wi th  an  average of  48  spec i e s  per s t a t i o n .  The number of spec ies  

observed on s t a t i o n s  and surveys a r e  presented  i n  Table 13. 



TABLE 13 .  Number o f  f i s h  s p e c i e s  observed on 
s t a t i o n  d u r i n g  s u r v e y s .  

Kea lakekua Bay Honaunau Bay 
S t a t i o n  

Survey 1 2 3 * 4 5 6 7 

June 47 44 - 4 1 3 8 4 8 47 

Aug . 50 5 2 3 9 4 3 3 4 5 7 49 

Oct .  4 9 5 7 6 3 43 40 6 9 4 9 
- - 

MEAN 49 5 1 5 1 42 3 7 5 8 48 

* S t a t i o n  no. 3 e s t a b l i s h e d  i n  August .  

Pounds Per  Acre 

The weight  i n  pounds p e r  a c r e  o f  t h e  s tar td ing c rop  o f  f i s h e s  i n  

Kealakekua and Honaunau Bays a r e  p r e s e n t e d  i n  Tab le  14 .  

TABLE 1 4 .  Pounds per  a c r e  o f  f i s h e s  i n  Kealakekua 
Bay and Honaunau Bay, Hawaii. 

Kea lakekua Pav Honaunau Pav 

S t a t i o n  
Survey 1 2 3 4 5 6 7 

June 15 1 163 - 175 111 276 3 24 

Aug . 26 7 204 102 102 5 8 274 138 

Oct .  283 385 669 107 163 603 306 

* S t a t i o n  no. 3 e s t a b l i s h e d  i n  August .  



The s t and ing  crop of f i s h e s  ranged from 58 t o  6 0 3  pounds per  a c r e  

with an  average of 227 pounds per  a c r e  per  s t a t i o n .  The s t a t i o n s  i n  

Kealakekua Bay had an  average of 210 pounds of f i s h  per  a c r e  and i n  

Honaunau Bay t h e r e  was an average of 3 2 0  pounds of f i s h  per a c r e .  

The lower average pounds per  a c r e  i n  Kealakekua Bay was due t o  s t a t i o n s  

nos. 4 and 5 which ran ac ros s  sandy bottoms wi th  very few f i s h .  The 

l e s s e r  number of f i s h e s  counted on s t a t i o n s  nos. 4 and 5 was shown pre-  

vious l y   a able 11 ) . 
A determina t ion  was a l s o  made of t h e  r e l a t i v e  ranking by g r e a t e s t  

pounds per  a c r e  of t he  f i s h e s  i n  Kealakekua and Honaunau Bays (Table 

1 5 )  and t h e  occurrence of these  spec i e s  among the  seven s t a t i o n s .  Of 

the  3 4  spec i e s  involved i n  t h i s  comparison, t he  yellow tang (Zebrasoma 

f lavescens)  and ko le  (Ctenochaetus s t r i ~ o s u s )  occurred on a l l  seven 

s t a t i o n s  and were the  commonest and most numerous spec ies  i n  both bays. 

It was previous ly  mentioned t h a t  these  two spec ies  were present  a t  

every s t a t i o n  and on every survey. 

F i n a l l y ,  i t  should be noted t h a t  i n  Kealakekua and Honaunau Bays, 

t he re  a r e  "spots"  away from the  permanent s t a t i o n s  t h a t  contained spe-  

c i e s  t h a t  were not seen a long  the t r a n s e c t  l i n e s .  For example, i t  was 

repor ted  t h a t  Kona crabs  (Ranina s e r r a t a )  a r e  present  i n  the  sandy 

bottom on s t a t i o n s  4 and 5 .  There i s  a l s o  repor ted  t o  be a  "moi hole"  

along the  su r f  zone near Palemano Point  i n  Kealakekua Bay. During the  

process  of  l oca t ing  the  t r a n s e c t  l i n e s  on s t a t i o n  no. 4 ,  we have a l s o  

seen l a rge  rays  (both Aetobatus n a r i n a r i  and Manta b i r o s t r i s ) .  



TABLE 15. Frequency of occurrence of the top ten fish 
species ranked by pounds per acre. 

Average Honaunau 
~bs./Acre on Kea lakekua Bay Bay 

Species Stat ions 1 2 3 4 5 6 7 

Zebrasoma f lavescens 15 2 2 13 13 9 3 5 2 2 
Ctenochaetus strigosus 15 18 19 9 14 30 14 
Scarus perspicillatus 5 1 18 14 9 11 12 
Naso lituratus 23 15 10 5 13 3 6 
Scarops jordani 30 30 23 24 
Acanthurus leucopareius 9 25 17 13 
Scarus dubius 15 13 8 
Acanthurus olivaceus 25 11 8 

A. achilles 22 10 
A. dussumieri 4 

Dascyllus albisella 8 
Melichthys buniva 15 
Scarus sordidus 2 5 
Acanthurus xanthopterus 13 

A. gut tatus 
A. nigrosis 16 

Naso brevirostris 18 
N. unicornis 
N. hexacanthus 

Iso hawa i iens is 
Thalassoma duperreyi 
Chromis verater 

C. leucurus 
Chanos chanos 
Zanclus canescens 
Chaetodon ornatissimus 
Mulloidichthys samoensis 

M. auriflamrna 
Myripristis berndti 
Carangoides ajax 385 
Polydactylus sexfilis 3 6 
Aprion virescens 2 3 
Gymnothorax flavimarginatus 6 
Cheilinus rhodochrons 4 
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FIGURE 32 .  Fish transect lines, Kealakekua Bay. 

Lines 1 through 5 are indicated. 
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FIGURE 33 ,  Fish transect lines, Honaunau Bay. 

Lines 6 and 7 are indicated. 



JUNE 5,6,7,1968 
0 AUGUST 12,13,14, I968 

I 2 3 4 5 6 7 
TRANSECT LINE 

KEALAKEKUA BAY HONAUNAU BAY 

FIGURE 3 4 .  Comparison o f  pounds p e r  a c r e  o f  f i s h e s  

observed d u r i n g  t h r e e  s u r v e y s  a t  t h e  seven  permanent t r a n s e c t  

s t a t i o n s  i n  Kealakekua Bay and Honaunau Bay. 



0 AUGUST 12,13,14, I968 

a OCTOBER 29,30,31,1968 

TRANSECT LINE 
I 

I 
KEALAKEKUA BAY 

' - 
HONAUNAU BAY 

FIGURE 35.  Comparison of number of species of fishes 

observed during three surveys at the seven permanent transect 

stations in Kealakekua Bay and Honaunau Bay. 



TABLE 16.  F i s h e s  observed i n  Kealakekua Bay and Honaunau Bay, June  through Oc tober ,  1968. 

L i z a r d  f i s h  

SCIENTIFIC  Average P o u n d s / ~ c r e  
Kealakekua Honaunau 

Line 90: 1 2 3 4 5 6  7  

Synodous v a r i e g a t u s  . 7 1  .06 .50 

% e l  - Puhi paka Gymnothorax f l a v i m a r g i n a t u s  6.10 1 . 8 1  

G .  s  t e i n d a c h n e r i  .76 

Corcet  f i s h  

Trcn?e t f L s h  

S c q ~ F r r e l  f i s h  

A l a i h i  

F i s  t u l a r i a  p e t  imba .98 .40 . I 7  .05 

Aulo t so rn~s  c h i n e n s i s  .46 1 .19  .53 . 2 9  .04 .50 3 . S S  

Holocec t rus  e n s  i f e r  .45 .24 

C'u M y r i p r i s t i s  b e r n d t i  

>I. mult  i r a d i a t ~ s  

~ n t r o d u c e d  Grouper-Roi Cephalo?!lolis a rgus  

Aweoweo P r i a c a n t h u s  c r u e n t a t u s  

L'papalu Apogon s n y d e r i  



TABLE 1 6 .  ( c o n t i n u e d )  

CO!GiO?j 

Keha la  

\ < h i r e  u l u a  

Omilu 

Lae 

Vku 

G u r u t s u  

Spo t  weke 

Ted weAe 

>!alu 

Smll 

%nu 

Yoano 

>!oana k e a  

>: u 

B lack -wh i t e  ange l  

? o t t e r ' s  a n g e l  

Lonsnose b u t t e r f l y  

SCIESTIFIC X4-% 

L i n e  So .  

S e r l o l a  c i u m e r i l i i  

C a r a n g o i d e s  a j a x  

Caranx  melarn?ygus 

Scomberoides  s a n c t i - p e t r i  

A p r i o s  v i r e s c e n s  

Aphareus  f u r c a t u s  

XulloidLcElthys s= .oens is  

Y. a u r i f  1am.a 

Pa rupeneus  p l e u r o s t i p a  

P. porphyreus  

P.  5ifascia: :s  

P. m u l t L f a s c i a t u s  

P. c h r y s e r y d r o s  

>!cr,c:asis g r z n b o c u l i s  

Ho lzcan thus  n r c ~ x t u s  

Cen t ropyge  2 o t t e r i  

- i o r c i p i g e r  l oc$Lros  t r i s  

Average Pounds /Acre  
Kea lakekua  Eonaunau 



TABLE 1 6 .  ( c o n t i n u e d )  

a l u e  s t r i ? e  

C o r a l l l c o l a  

C r c s s  s t r i p e d  

Orcnge  s t r l p e d  

?uka 

P i l i k o a  

Chaetodon f r e m b l i i  

C .  c o r a l l l c o l a  

C .  a u r i ~ a  

C .  o rna :  Lss 3 1 : s  

-. 
E m o n  ~ i ; l : a r i ~  

C .  c r i f , : s c ; a ~ u s  

C .  x u ; t i s i n c c u s  

C .  unrxacu:a tss  

C .  i u n c i a  

C .  quadrinacu1a:us 

I i & : : i i t a ~ r i ~ h t h p  z o s  E S T  

P a r a c l r r h i t e s  c i n c t u s  

?. f a r s t 2 r 1  

D ,  a r c a t u s  

C i r r n l  t ~ s  aicer::atl;s 

Average  ?ounds jAcr s  
i iealaksicua .. aonaunau 

L ina  So. I * '-I 
& 3 4 5 5 - 

1 

. 3 8  . i 3  . O+ .33  - ,  

2.00 5 . 1 0  3 . 5 3  2 .27  1.09 4 .02  4 . C 5  

.OS .55 . 1 5  .09 1.21 

1 . 1 5  2 .33  3 . 5 5  .20  - , . &L 1.04  .14 



Maomao 

Kupip i 

X ' awa 

Bindlea lauwili 

Hinalea luahine 

Abude f duf abdominal is 

A. sordidus 

A. imparipennis 

Pomacentrus jenkins i 

Dascyllus albisella 

Chroiais aLrAllat~s 

C. 1e~ci;rus 

Chronis verater 

C. ovalis 

C. vznazrb:lci 

Bodianus b r1~nu:~tas 

Thalassma duperrey i 

T. Sallieui 

T. lutecens 

T. ~ U S C U Z  

T, umbrostigma 



TABLE 16.  ( c o n t i n u e d )  

C O E f O N  XLXE 

Labro i d e s  

Oilua 

Oina ka 

Poou 

Bi rd f  i s h  ( h i n a l e a  i '  i w i )  Gomphosus v a r i u s  

Hina lea  l o l o  Cor l s  garmardr 

t i i  l u  C .  f i a v o v i ~ t a t a  

Opuls Anampses c u v i e r i  

A .  Y U ~ T G C ~ L C ~ ? L L S  

Labro i a e s  phchirophagus 

S o v a c d l i c h ~ h y s  ~ a e n i o u r u s  

P s e u d o c h e i l i n c s  o c t o t a e n i a  

S t e  t: ,ioji;lls a l b o v i c t a t a  

Ayerage Pounds /Acre 
. . 'Lealake kua ~.,snaunau 

Line No. 1 7 3 4 5 6 7 

L'i~u 

Band snou t  

S .  a x i i l a r i s  

Chs i 1 ;nus rhodochorous 

C .  binacu1a:us 

Scarus  dub ius  

S .  p e r s p i c i l l a t u s  

S . s o r d  idus  



TABLE 16 .  ( con t inued)  

CO:eIOS Sh?E 

Scarops  j o r d a n l  

Calotonus  sandv icens  i s  

Zanclus canescens  

Acanthurus g u t t a t u s  

.\verase Pounds /Acre  . . 
X e a i a k k u a  ,i..oi-.aunail 

Line So .  7 1 - 3 4 5 3 7 



TABLE 1 6 .  ( c o n t i n u e d )  

'tiawaiian k a l e  

Y s i  low maainl 

Snilfin Lbng 

ii213 

7 ,  t , ~ r n s d  k ; a  

. , ~ z l a  



TABLE 16. ( c o n t i n u e d )  

0s t r a c i o n  l e n t  L; inOSUS ' 

Average Pounas /Acre  
Kea l akekus  Honaunau 

1  2 3 6 
- 

L i n e  S o .  4 3 1 

? d n u l i r u s  p e n i c i l l a t u s  



Ciiapter  12 

OTHER MARINE VERTEBRATES 

Sharks  

The s h a r k  p o p u l a t i o n  o f  Kealakekua Bay i s  moderate .  S i x  were  

t a k e n  on a  s h a r k  l i n e  ( F i g s .  36-37 ) s t r e t c h e d  o v e r n i g h t  from Cook 

P o i n t  southward p a s t  Palemano P o i n t .  

The s h a r t  l i n e  was s e t  a t  1700 h o u r s ,  4-XI-68. The f i r s t  anchor  

was p l a c e d  i n  20 fathoms abou t  midway between Cook 's  Monument and t h e  

s m a l l ,  s h a r p  l i t t l e  p o i n t  e a s t  o f  t h i s  ( s e e  t h e  t o p  o f  t h e  s h a r p  inden-  

t a t i o n  o f  t h e  10 fathom l i n e  i n  F i g . 3 6  , p o i n t i n g  rough ly  a t  Umi's 

W e l l ) .  Worked a lmos t  due s o u t h  and head ing  f o r  comparable w a t e r  o f f  

Palemano P o i n t ,  a l l  b a s k e t s  were  t i e d  t o g e t h e r  and a  s t r a i g h t ,  c o n t i n u -  

ous  l i n e  of  hooks was l a i n .  

T t  was assumed t h a t  t h e  hooks would hang n e a r  bottom a t  bo th  ends  

and hang abou t  20 fathoms deep o v e r  t h e  deeper  w a t e r  i n  t h e  c e n t e r  o f  

t h e  bay.  We u n d e r e s t i m a t e d  t h e  d i s t a n c e  and o v e r s h o t  Palemano P o i n t  

by q u i t e  a  b i t ,  s end ing  t h e  l a s t  anchor  i n  60 fathoms (and deepen ing  

f a s t )  t o  t h e  s o u t h  o f  t h e  p o i n t .  S e t  f i n i s h e d  a t  1750 h o u r s ;  s u r f a c e  

0 
t e m p e r a t u r e  27 .3  C ,  t e m p e r a t u r e  a t  20 fathoms 26.8' C .  

Began r e t r i e v i n g  t h e  l i n e  a t  0645 t h e  f o l l o w i n g  morning.  The 

c a t c h  was two Carcharh inus  m i l b e r t i ,  one 2. g a l a p a g e n s i s ,  one C. l i m b a t u s  

and two Galeocerdo c u v i e r i .  

A l l  s h a r k s  were caugh t  i n  t h e  s h a l l o w e r  p o r t i o n s  of  t h e  s e t  where 

hooks were n e a r  bottom, o r  ( l a s t  p o r t i o n  o f  t h e  s e t )  where t h e  anchor  

h e l d  hooks n e a r  bottom even i n  deep  w a t e r .  



I I K E A L A K E K U A  B A Y :  

FIGURES 36-37. L i n e  o f  s h a r k  s e t  and bottom c o n t o u r  

a l o n g  a  l i n e  a c r o s s  t h e  mouth o f  Kealakekua Bay. 



The Carcharh inus  g a l a p a g e n s i s  (on hook nex t  t o  a  l a r g e  Ca leocerdo  

c u v i e r i )  was b i t t e n  o f f  beh ind  the  head ,  l e a v i n g  o n l y  head p l u s  one 

p e c t o r a l  f i n .  Large s h a r k  v e r t e b r a e  found i n  t h e  t i g e r  s h a r k ' s  

s tomach were much l a r g e r  t h a n  t h e  C. g a l a p a g e n s i s  v e r t e b r a e .  ( T h e  

t i g e r  s h a r k  had e a t e n  a  d i f f e r e n t ,  l a r g e r  s h a r k ,  n o t  t h e  C. g a l a p a g e n s i s . )  

Color  photos  were t a k e n  o f  t h e  l a r g e  male Carcharh inus  l i m b a t u s ,  

t h e  two C. m i l b e r t i ,  and t h e  head and p e c t o r a l  o f  t h e  C. g a l a p a g e n s i s .  

P o r p o i s e s  

There  i s  a  r e s i d e n t  s c h o o l  of  s p i n n e r  p o r p o i s e s  ( S t e n e l l a  z.) i n  

Kealakekua Bay. From 30 t o  80 members were v a r i o u s l y  e s t i m a t e d .  They 

a r e  most o f t e n  observed i n  t h e  v i c i n i t y  o f  Manini Beach P o i n t ,  and a r e  

i n v a r i a b l y  p r e s e n t .  One r e s e a r c h e r  worked e i g h t  c o n s e c u t i v e  days  i n  

t h e  bay and observed them on each  of  t h e  e i g h t  days .  

The an imals  a r e  n o t  s h y ,  r emain ing  approx imate ly  i n  p l a c e  a s  t h e  

r e s e a r c h  v e s s e l s  move th rough  them, a  few p l a y i n g  i n  t h e  bow-pressure  

wave o r  accompanying a l o n g s i d e .  Of ten  t h e y  f o l l o w  t h e  v e s s e l s  f o r  a  

c o n s i d e r a b l e  d i s t a n c e ,  y e t  n o t  beyond t h e  c o n f i n e s  o f  t h e  bay.  

S e v e r a l  b a b i e s  l e s s  t h a n  36 i n c h e s  long were o b s e r v e d ,  a s  w e l l  a s  

a t  l e a s t  f i v e  sub-groups  hanging t o g e t h e r  i n  a d d i t i o n  t o  "una t t ached"  

a n i m a l s .  I f  t h i s  s c h o o l  i s  a s  permanent ly  p r e s e n t  a s  r e p o r t s  i n d i c a t e ,  

and a s  tame a s  was obse rved ,  i t  would seem t h a t  i t  c o n s t i t u t e s  a  r e -  

markable  l i v i n g  a s s e t .  R a r e l y  have s p i n n e r  p o r p o i s e s  been known t o  be 

s o  c a s u a l  about  b e i n g  c l o s e l y  approached ,  and t h i s  s c h o o l  would seem 

p a r t i c u l a r l y  s u i t e d  f o r  exper iments  i n  semi -domes t i ca t ion  and t r a i n i n g  

i n  t h e  w i l d ,  a s  has  been proposed f o r  r e s i d e n t  s c h o o l s  e l s e w h e r e .  



I f  t h e r e  were t o  be  a  l a r g e  t o u r i s t  development i n  t h e  a r e a ,  i t  

would be n e c e s s a r y  t o  g i v e  s t r o n g  a t t e n t i o n  t o  p r o t e c t i n g  t h e  p o r p o i s e s  

and keep ing  them "tame," b u t  i t  would a l s o  p rov ide  t h e  p o s s i b i l i t y  o f  

a n  e x t r a o r d i n a r y  reward.  There  i s  good reason  t o  b e l i e v e  t h a t  such 

w i l d  an imals  can  be t r a i n e d  t o  t a k e  dead f i s h ,  and once such  a  "hold" 

i s  e s t a b l i s h e d  o v e r  them, t h e i r  t r a i n i n g  t o  jump en masse on sound 

command, f o l l o w  a  p a r t i c u l a r  b o a t  i n  jumping t r a i n s ,  and s o  o n ,  would 

be a  r o u t i n e  m a t t e r  of  a p p l y i n g  e s t a b l i s h e d  t r a i n i n g  t e c h n i q u e s .  Such 

a n i m a l s  cou ld  a l s o  be t r a i n e d  t o  a c c e p t  b e i n g  h e l d  on s t r e t c h e r s  f o r  

v a r i o u s  p h y s i o l o g i c a l  t e s t s  and a whole spect rum o f  o t h e r  s c i e n t i f i c  

a c t i v i t i e s .  T h i s  use  would n o t  i n t e r f e r e  w i t h  t h e  h y p o t h e t i c a l  t o u r i s t  

show. For s t u d i e s  o f  s o c i a l  o r g a n i z a t i o n  and i n t e r a c t i o n  (N.B. t h e  

f i v e  groups thought  d i s t i n g u i s h e d ) ,  t h i s  s c h o o l  might be s u p e r i o r  t o  

any w i l d  s c h o o l  y e t  known. 

T u r t l e s  

T u r t l e s  were a lmost  n e v e r  s e e n  i n  Kealakekua Bay by workers  on 

t h i s  p r o j e c t ,  and no s c h o o l  of  more than  t h r e e  members was s i g h t e d  a t  

a l l .  Also  no ted  was a  d e a r t h  o f  " t u r t l e  a l g a e , "  i . e . ,  t h e  a i g a l  s p e c i e s  - - 

upon which t u r t l e s  a r e  known t o  f o r a g e .  I t  was concluded t h a t  t u r t l e s  

r a r e l y  f r e q u e n t  t h e  bay.  



Chapter  13 

VASCULAR PLANTS 

( V e g e t a t i o n  t y p e s  o f  t h e  r e g i o n )  

A b s t r a c t  

Th i s  r e p o r t  d e s c r i b e s  t h e  v e g e t a t i o n  types  which now o c c u r  i n  t h e  

Kealakekua Bay r e g i o n .  The a r e a  i n c l u d e d  i n  t h e  r e p o r t  i s  t h a t  p a r t  o f  

t h e  Kona Coast  between Keawekaheka P o i n t  n o r t h  of  Kealakekua Bay and 

Puuhonua P o i n t  a t  Honaunau. F o u r t e e n  v e g e t a t i o n  t y p e s  a r e  d e s c r i b e d ,  and 

i t  was obse rved  t h a t  t h e  l a r g e s t  number o f  remnant n a t i v e  s p e c i e s  o c c u r s  

o n  t h e  open l a v a  f lows on and mauka o f  Kaawaloa F l a t .  

I n t r o d u c t i o n  

The r e p o r t  i s  based on f i e l d  work conducted on 26 and 30 August ,  

1968.  Using a e r i a l  pho tographs  a s  g u i d e s ,  t h e  v e g e t a t i o n  from t h e  C a p t a i n  

Cook-Napoopoo road  was f i r s t  surveyed.  Next, t h e  p a l i  (Pal i -o-Manuahi)  by 

Hik iau  Heiau a t  Napoopoo was ascended and t h e  top  e x p l o r e d .  Af te rwards ,  

t h e  r e g i o n  between Napoopoo and Honaunau and from Honaunau mauka t o  t h e  

B e l t  Road was su rveyed .  A b o a t  was t aken  t o  Cook's Monument, and t h e  a r e a  

from Kaawaloa V i l l a g e  t o  Puhina-o-Lona Heiau t o  Keawekaheka P o i n t  was 

e x p l o r e d .  

On t h e  b a s i s  o f  t h e s e  o b s e r v a t i o n s  v e g e t a t i o n  maps ( F i g s . 3 8 t h r o u g h  

40 ) 0 5  t h e  e n t i r e  r e g i o n  were  p r e p a r e d  u s i n g  o v e r l a y s  on a e r i a l  pho to -  

g r a p h s .  S i n c e  t h e  t ime  a v a i l a b l e  f o r  f i e l d  work was l i m i t e d ,  no a t t e m p t  

was made t o  p l o t  t h e  d i s t r i b u t i o n  o f  any s i n g l e  s p e c i e s .  However, a  

d e t a i l e d  may o f  t h e  s h o r e l i n e  v e g e t a t i o n  a t  Kealakekua Bay was p r e p a r e d  

and i s  i n c l u d e d  ( F i g .  41 ) i n  t h i s  r e p o r t .  



FIGURE 39 
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FIGURE 38. Index t o  Kealakekua  Bay v e g e t a t i o n  maps a p p e a r i n g  i n  t h i s  r e p o r t  a s  

F i g u r e s  39 and 40. Roads a r e  shown a s  dashed  l i n e s .  



FIGURE 39, D e t a i l  o f  t h e  v e g e t a t i o n  t y p e s  i n  t h e  n o r t h e r n  e n v i r o n s  o f  Kealakekua Bay. The p o i n t  
w i t h  t h r e e  1 3 ' s  on i t  i s  Cook P o i n t .  Napoopoo Bay i n d e n t s  t h e  s h o r e  t o  t h e  r i g h t  o f  c e n t e r  n e a r  t h e  
bottom margin  o f  t h e  f i g u r e .  



FIGURE 40. D e t a i l  of t h e  vege t a t i on  types  i n  t h e  southern  environs of  Kealakekua Bay. Palemano 
Po in t  shows p ro t rud ing  i n t o  t h e  s e a  near  t h e  l e f t  margin below t h e  c e n t e r  of t h e  f i g u r e .  
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GRAMINEAE 
PROSOPIS PALLIDA 
PITHECELLOBIUM DULCE 
COCOS NUCIFERA 
LEUCAENA LEUCOCEPHALA 1 

TERMINALIA CATAPPA 
PANDANUS ODORATISSIMUS 
IPOMOEA SF! 
MELOBESIOIDS 
AHNFELTIA CONCINNA 
MESSERCHMIDIA ARGENTEA 
SARGASSUM ECHINOCARPUM 
ULVA FASCIATA 

FIGURE 41. Shoreline vegetation at Kealakekua Bay. 



Rlisul t:; 

Legend f o r  v e g e t a t i o n  map o f  Kealakekua Bay r e g i o n :  

1. Grounds o f  t h e  C i t y  o f  Refuge (Pu'uhonua-o-Honaunau). V e g e t a t i o n  

c o n s i s t s  of  g roves  o f  coconu t s  (Cocos n u c i f e r a ) ,  s c a t t e r e d  s h r u b s  o f  noni  

(Morinda c i t r i f o l i a ) ,  a  few t r e e s  o f  h a l a  (Pandanus s p . )  and kou (Cord ia  

s u b c o r d a t a ) .  The sedge  F i m b r i s t y l i s  cymosa grows i n  p o c k e t s  o f  sand i n  

t h e  pahoehoe l a v a  c l o s e  t o  t h e  s e a  and a n o t h e r  sedge ,  t h e  'ahu 'awa 

(Cyperus s p . ) ,  grows around t h e  b r a c k i s h  poo l s  n e a r  t h e  Grea t  Wall .  A l l  

t h e s e  p l a n t s  a r e  n a t i v e  t o  Hawaii o r  were  i n t r o d u c e d  by t h e  P o l y n e s i a n s ,  

and were undoubtedly  growing h e r e  d u r i n g  t h e  p e r i o d  t h a t  t h e  C i t y  o f  

Refuge was i n  o p e r a t i o n .  Other  s p e c i e s ,  p r i m a r i l y  weeds i n t r o d u c e d  t o  

Hawaii s i n c e  1778, a l s o  grow h e r e ,  b u t  t h e  N a t i o n a l  P a r k  S e r v i c e  i s  t r y i n g  

t o  e l i m i n a t e  a l l  p l a n t s  which were n o t  found i n  t h i s  a r e a  i n  Hawaiian 

t imes .  A combinat ion o f  manual and chemical  c o n t r o l s  i s  b e i n g  used f o r  

t h i s  purpose ,  and i n  August 1968 r e c e n t  t r e a t m e n t  of  t h e  a r e a  w i t h  

h e r b i c i d e s  was evidenced by many dead and dying weeds. 

2. Old Honaunau V i l l a g e  a r e a - r e c e n t l y  c l e a r e d .  Th i s  a r e a ,  u n t i l  

a  few y e a r s  ago ,  was covered w i t h  a  s c r u b  growth of  opiuma (P i thece l lob iu rn  

d u l c e ) ,  koa h a o l e  (Leucaena l e u c o c e p h a l a )  and o t h e r  s p e c i e s ,  and was 

p robab ly  i d e n t i c a l  w i t h  t h e  s c r u b  v e g e t a t i o n  d e s c r i b e d  f o r  Type 4 (below).  

However, when t h e  N a t i o n a l  P a r k  S e r v i c e  a c q u i r e d  t h e  l a n d  f o r  t h e  C i t y  o f  

Refuge N a t i o n a l  H i s t o r i c a l  P a r k ,  they  began c l e a r i n g  t h e  s c r u b  i n  a n  

e f f o r t  t o  uncover v a r i o u s  a r c h e o l o g i c a l  s i t e s  and t o  r e s t o r e  t h e  v e g e t a t i o n  

t o  a  s t a t e  approaching t h a t  which was p r e s e n t  i n  Hawaiian t imes .  Conse- 

q u e n t l y  today t h i s  i s  an  a r e a  o f  open l a v a  w i t h  s c a t t e r e d  p l a n t s  o f  non i ,  

h i a l o a  (Wal the r i a  i n d i c a  L . )  and o t h e r  n a t i v e  o r  P o l y n e s i a n - i n t r o d u c e d  

s p e c i e s .  Other ,  weedy, s p e c i e s  a l s o  occur  h e r e  a l t h o u g h  i n  f a i r l y  smal l  

numbers. 
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3. R e s i d e n t i a l  a r e a s .  I n  t h e  a r e a s  which a r e  c u r r e n t l y  i n h a b i t e d ,  

i n c l u d i n g  t h e  v i l l a g e s  of  Honaunau and Napoopoo, one f i n d s  a  wide v a r i e t y  

o f  p l a n t s ,  m o s t l y  n o t  n a t i v e  t o  Hawaii .  Many o f  t h e  s p e c i e s  have been 

i n t e n t i o n a l l y  p l a n t e d  h e r e .  The more common a r e :  

Trees :  Kiawe ( P r o s o p i s  p a l l i d a ) ,  coconut (Cocos n u c i f e r a ) ,  tamarind 

(Tamarindus i n d i c u s ) ,  h a l a  (Pandanus s p . ) ,  kukui  ( A l e u r i t e s  

rnoluccana),  monkey pod (Samanea saman), p o i n c i a n a  (Delonix  

r e g i a ) ,  A f r i c a n  t u l i p  t r e e  (Spathodea campanula ta)  , f a l s e  

kamani ( T e r m i n a l i a  c a t a p p a ) ,  d a t e  palm (Phoenix  s p . ) ,  t r e e  

h e l i o t r o p e  (Messerschmidia a r g e n t e a ) .  

Shrubs:  H i b i s c u s  ( H i b i s c u s  s p . ) ,  crownflower ( C a l o t r o p i s  g i g a n t e a ) ,  

p l u m e r i a  (P lumer ia  s p p . ) ,  b o u g a i n v i l l e a  ( B o u g a i n v i l l e a  s p p . ) .  

Herbs: Madagascar p e r i w i n k l e  (Ca tha ran thus  r o s e u s ) ,  a i r  p l a n t  

(Bryophyllum pinnatum).  

Grasses :  Most lawns a r e  Bermuda g r a s s  (Cynodon d a c t y l o n ) .  

4.  Opiuma-koa h a o l e  s c r u b .  Th i s  v e g e t a t i o n  t y p e  o c c u r s  on o l d e r  

b u t  r e l a t i v e l y  unweathered l a v a  f lows a t  e l e v a t i o n s  below abou t  500 f e e t .  

I t  c o v e r s  most  o f  t h e  f l a t  l a n d  between Napoopoo and Honaunau and i s  w e l l  

r e p r e s e n t e d  a l o n g  t h e  road  between t h e s e  towns. The v e g e t a t i o n  i s  

dominated by l a r g e  s h r u b s  o r  s m a l l  t r e e s  o f  opiuma ( P i t h e c e l l o b i u m  d u l c e )  

and koa h a o l e  (Leucaena l e u c o c e p h a l a ) .  Among t h e s e  grow s h r u b s  o f  l a n t a n a  

(Lantana camara) ,  i l i m a  ( S i d a  s p . ) ,  Chr is tmas  b e r r y  (Sch inus  t e r e b i n t h i -  

f o l i u s )  and h i a l o a  ( W a l t h e r i a  i n d i c a ) .  Two v i n e s  which o c c u r  commonly 

h e r e  a r e  a  p a s s i o n  f lower  ( P a s s i f l o r a  f o e t i d a )  and a morning g l o r y  

(Ipomoea i n d i c a ) .  The sword f e r n  (Nephro lep i s  e x a l t a t a )  o c c u r s  i n  more 

open a r e a s ,  o c c a s i o n a l l y  c o v e r i n g  p a t c h e s  o f  l a v a  s e v e r a l  m e t e r s  i n  
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d i a m e t e r .  Along r o a d s i d e s ,  where f i n e r  s o i l  p a r t i c l e s  have accumulated,  

o t h e r  s p e c i e s  o c c u r  which a r e  n o t  common on t h e  c o a r s e r  r o c k s .  These 

i n c l u d e  r e d  top g r a s s  ( T r i c h o l a e n a  r e p e n s )  and a i r  p l a n t  (Bryophyllum 

pinnatum).  

The a r e a  i n c l u d e s  many l a v a  f lows o f  d i f f e r e n t  t y p e s ,  ages  and 

d e g r e e s  o f  w e a t h e r i n g .  The h e i g h t  and v i g o r  o f  t h e  v e g e t a t i o n  v a r y  from 

f low t o  f low. On c e r t a i n  f lows t h e  opiuma becomes a  t r e e  up t o  25 f e e t  

h i g h ,  on o t h e r  f lows i t  i s  a  sh rub  n o t  more t h a n  10 f e e t  h i g h .  A t  h i g h e r  

e l e v a t i o n s  o t h e r  s p e c i e s  i n c l u d i n g  t r e e s  a p p e a r .  Th i s  i s  d e s c r i b e d  (#8, 

below) a s  a  s e p a r a t e  v e g e t a t i o n  t y p e .  

5 .  Areas r e c e n t l y  c l e a r e d .  One l a r g e  a r e a  w i t h i n  t h e  opiuma-koa 

h a o l e  s c r u b  h a s  been c l e a r e d  i n  r e c e n t  y e a r s ,  r e p o r t e d l y  t o  become a  g o l f  

c o u r s e .  Th i s  a r e a  was n o t  v i s i t e d ,  b u t  from a e r i a l  pho tographs  i t  would 

seem t h a t  i t  i s  now p r i m a r i l y  g r a s s l a n d  w i t h  v e r y  s c a t t e r e d  t r e e s  and 

s h r u b s .  Two s m a l l e r  a r e a s ,  d e s i g n a t e d  a s  5a  on t h e  map, have r e c e n t l y  

been c l e a r e d  a l o n g  t h e  Napoopoo-Honaunau road  n e a r  Napoopoo. 

6 .  Open l a v a  f low. Th i s  a r e a  r e p r e s e n t s  pe rhaps  t h e  newest l a v a  

f low i n  t h e  r e g i o n .  I t  s u p p o r t s  a  v e r y  s c a t t e r e d  growth o f  smal l  opiuma 

( P i t h e c e l l o b i u m  d u l c e )  s h r u b s ,  e x t e n s i v e  p a t c h e s  o f  sword f e r n  (Nephro lep i s  

e x a l t a ) ,  and s c a t t e r e d  p l a n t s  o f  Chr is tmas  b e r r y  (Sch inus  t e r e b i n t h i f o l i u s ) ,  

h i a l o a  ( W a l t h e r i a  i n d i c a ) ,  morning g l o r y  (Ipomoea i n d i c a )  and a smal l  

n a t i v e  min t  ( P l e c t r a n t h u s  a u s t r a l i s ) .  

7 .  P lumer ia  p l a n t a t i o n .  Th i s  a r e a  h a s  r e c e n t l y  been  c l e a r e d  and 

p l a n t e d  w i t h  v a r i e t i e s  o f  p lumer ia  a s  a  commercial o p e r a t i o n .  

8. Mixed f o r e s t - s c r u b .  Mauka o f  t h e  opiuma-koa h a o l e  s c r u b  (#4) 

and t h e  koa h a o l e  s c r u b  (ii11) a r e  a r e a s  which a r e  p r o b a b l y  somewhat w e t t e r  

and which s u p p o r t  more t r e e s .  There  i s  u s u a l l y  a  g r a d u a l  t r a n s i t i o n  
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r a t h e r  t h a n  a  s h a r p  boundary between t h e s e  zones .  Opiuma ( P i t h e c e l l o b i u m  

d u l c e )  becomes a  l a r g e  t r e e  (40 f t .  o r  more i n  h e i g h t )  i n  t h i s  mixed 

f o r e s t - s c r u b  where s e v e r a l  o t h e r  t r e e  s p e c i e s  o c c u r .  The most  common a r e :  

kuku i  ( A l e u r i t e s  moluccana) ,  monkey pod (Samanea saman),  mango (Mangifera  

i n d i c a ) ,  avocado ( P e r s e a  americana)  and Chinaber ry  (Mel ia  a z e d a r a c h ) .  

None o f  t h e s e  i s  a n a t i v e  Hawaiian s p e c i e s .  However, j u s t  mauka o f  t h e  

c o f f e e  m i l l  and n o r t h  o f  t h e  p lumer ia  p l a n t a t i o n ,  on a f a i r l y  open l a v a  

f low,  a r e  s e v e r a l  t r e e s  o f  ohe makai (Reyno lds ia  s a n d w i c e n s i s ) ,  a  r a r e  

endemic t r e e ,  which i s  pe rhaps  t h e  b o t a n i c a l l y  mos t  i n t e r e s t i n g  p l a n t  now 

t o  be  found i n  t h e  whole r e g i o n .  

9 .  P a s t u r e l a n d  w i t h  remnant n a t i v e  f o r e s t .  I n  one  a r e a ,  which i s  

used  a s  a  p a s t u r e ,  t h e r e  i s  a  smal l  remnant p o p u l a t i o n  o f  o h i a  l e h u a  

(Met ros ide ros  c o l l i n a ) .  Th i s  c o n s i s t s  o f  a  few s c a t t e r e d  o h i a  t r e e s ,  

mixed w i t h  kukui  ( A l e u r i t e s  moluccana) ,  s i l k  oak ( G r e v i l l e a  r o b u s t a ) ,  

oc topus  t r e e  ( B r a s s a i a  a c t i n o p h y l l a ) ,  A f r i c a n  t u l i p  t r e e  (Spathodea 

campanula ta)  and monkey pod (Samanea saman). These a r e  growing i n  a  

g r a s s l a n d  dominated by g u i n e a  g r a s s  (Panicum maximum). Th i s  may be  a n  

i n d i c a t i o n  t h a t  i n  former  t imes  o h i a  f o r e s t  extended down t h e  s l o p e s  o f  

Mauna Loa i n  t h i s  r e g i o n  t o  w e l l  below t h e  l e v e l  o f  t h e  p r e s e n t  b e l t  r o a d .  

10.  C u l t i v a t e d  a r e a s .  These i n c l u d e  a r e a s  i n  which c r o p s  

( p r i m a r i l y  c o f f e e ,  b u t  some c i t r u s ,  bananas and macadamia n u t s )  a r e  b e i n g  

grown today w i t h ,  a d d i t i o n a l l y ,  s m a l l  ga rden  p l o t s  b e i n g  found around t h e  

r e s i d e n c e s .  

11. Koa h a o l e  s c r u b  and f o r e s t .  These a r e a s  a r e  dominated by koa 

h a o l e  (Leucaena l e u c o c e p h a l a )  which o c c u r s  i n  n e a r l y  p u r e  s t a n d s .  

Occas iona l  p l a n t s  o f  opiuma (Pi t t iecel lobiurn  d u l c e )  c a n  b e  found,  e s p e c i a l l y  

n e a r  t h e  edges  o f  t h e s e  a r e a s  where t h e r e  i s  a  t r a n s i t i o n  o f  t h e  opiuma- 

koa h a o l e  s c r u b  ( # 4 ) .  The koa h a o l e  forms c l o s e d  s t a n d s  w i t h  l i t t l e  
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undergrowth e x c e p t  f o r  young koa h a o l e  p l a n t s  and o c c a s i o n a l  sh rubs  o f  

l a n t a n a  (Lantana camara ) .  I n  a r e a s  which a r e  a p p a r e n t l y  w e t t e r  (p robab ly  

because  t h e y  a r e  more shaded and more p r o t e c t e d  from wind,  b u t  i n  some 

c a s e s  because  o f  development o f  s o i l  which r e t a i n s  more m o i s t u r e )  t h e  koa 

h a o l e  deve lops  i n t o  t r e e s  up t o  30 f e e t  t a l l .  I n  a p p a r e n t l y  d r y e r  a r e a s  

i t  o c c u r s  a s  s h r u b s  r a r e l y  more than  8 t o  10  f e e t  t a l l .  I s o l a t e d  p a t c h e s  

o f  t h i s  s c r u b  o c c u r  on t h e  f a c e  o f  Pali-o-Manuahi and s c a t t e r e d  i n  f h e  

gu inea  g r a s s  p a s t u r e  above t h e  p a l i .  These a r e  t r a n s i t i o n a l  a r e a s  between 

t h i s  type  and t y p e  1 2 ,  where t h e  koa h a o l e  p l a n t s  a r e  more wide ly  s e p a r a t e d  

and g u i n e a  g r a s s  i s  a b l e  t o  grow under  them. 

12.  Guinea g r a s s  p a s t u r e  w i t h  s c a t t e r e d  t r e e s .  The dominant g r a s s  

i n  t h i s  p a s t u r e l a n d  a t  t h e  top o f  Pali-o-Manuahi i s  g u i n e a  g r a s s  (Panicum 

maximum). It i s  a  r o b u s t  g r a s s ,  Becoming s i x  f e e t  t a l l  i n  most  p l a c e s ,  b u t  

o c c a s i o n a l l y  r e a c h i n g  12 f e e t .  S c a t t e r e d  through t h e  p a s t u r e  a r e  l a r g e  

t r e e s ,  t h e  most  common o f  which a r e  monkey pod (Samanea saman), Ch inaber ry  -- 

(Melia azederach)  and mango (Mangifera  i n d i c a ) .  

l 2 a .  Guinea g r a s s  p a t c h e s .  On Pali-o-Manuahi a r e  p a t c h e s  of  

gu inea  g r a s s  (Panicum maximum), o f t e n  mixed w i t h  r e d  top  g r a s s  ( T r i c h o l a e n a  

r e p e n s ) .  These p a t c h e s  o f  g r a s s l a n d  a r e  i n t e r m i x e d  w i t h  p a t c h e s  of  koa 

h a o l e  s c r u b .  

13. Open l a v a  f lows .  Th i s  a r e a  i n c l u d e s  t h e  s l o p e s  n o r t h  o f  

Kealakekua Bay and most o f  Kaawaloa F l a t  e x c e p t  f o r  t h e  kiawe f o r e s t  

d e s c r i b e d  below. The a r e a  c o n s i s t s  o f  a  s e r i e s  o f  l a v a  f lows ,  a p p a r e n t l y  

o f  d i f f e r e n t  a g e s .  Some o f  t h e s e  s u p p o r t  a  f a i r l y  dense  s c r u b  v e g e t a t i o n  

w h i l e  on o t h e r s  t h e  i n d i v i d u a l  p l a n t s  a r e  wide ly  s c a t t e r e d .  For example,  

around Puhina-o-Lono Heiau l a n t a n a  (Lantana camara ) ,  r a t t l e p o d  ( C r o t a l a r i a  

s p . ) ,  Chr is tmas  b e r r y  (Schinus  t e r e b i n t h i f o l i u s ) ,  h i a l o a  (Wal the r i a  i n d i c a ) ,  
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i n d i g o  ( I n d i g o f e r a  s p , ) ,  l a u k i  ( C a s s i a  l e s c h e n a u l t i a n a ) ,  k l u  (Acacia  

f a r n e s i a n a )  and o t h e r  s h r u b s ,  t o g e t h e r  w i t h  v i n e s  such  a s  p a s s i o n  f lower  

( P a s s i f l o r a  f o e t i d a )  and morning g l o r y  (Ipomoea i n d i c a )  cover  50% o r  more 

o f  t h e  s u r f a c e .  The s h r u b s  a r e  mos t ly  l e s s  t h a n  s i x  f e e t  t a l l .  I n  o t h e r  

a r e a s ,  o n l y  a  few hundred y a r d s  away, l e s s  t h a n  10% o f  t h e  s u r f a c e  i s  

covered w i t h  v e g e t a t i o n ,  which c o n s i s t s  m o s t l y  of  i s o l a t e d  p l a n t s  o f  noni  

(Morinda c i t r i f o l i a j ,  p u a p i l o  (Cappar i s  s a n d w i c h i a n a ) ,  puaka la  (Argemone 

g l a u c a )  and h i a l o a  ( W a l t h e r i a  i n d i c a ) ,  and s c a t t e r e d  p a t c h e s  o f  sword f e r n  

(Nephro lep i s  e x a l  t a t a )  . 
13a.  On Kaawaloa F l a t  mauka of  t h e  c o a s t a l  kiawe f o r e s t  i s  a n  a r e a  

where t h e  s c r u b  v e g e t a t i o n  c h a r a c t e r i s t i c  of  t h e  open l a v a  f lows ( l a n t a n a ,  

r a t t l e p o d ,  k l u ,  e t c . )  i s  mixed w i t h  s h r u b s  o f  koa h a o l e  and opiuma, 

forming a t r a n s i t i o n a l  s c r u b  v e g e t a t i o n  w i t h  n e a r l y  c l o s e d  cover  and 

s h r u b s  10 t o  12 f e e t  t a l l .  

14.  Kiawe f o r e s t .  The c o a s t a l  a r e a  around Cook's  Monument and 

t h e  o l d  Kaawaloa v i l l a g e  s i t e  s u p p o r t s  a  f o r e s t  o f  kiawe t r e e s  ( P r o s o p i s  

p a l l i d a ) .  The t r e e s  a r e  30 t o  40 f e e t  t a l l ,  and growing among them a r e  

a  few coconu t s  (Cocos n u c i f e r a ) .  A t  t h e  l a n d i n g  i n  f r o n t  o f  Cook's 

Monument a r e  a few t r e e s  o f  kou (Cord ia  s u b c o r d a t a ) .  Wi th in  t h e  bay t h e  

kiawe t r e e s  grow down t o  t h e  h i g h  t i d e  l i n e ,  b u t  on t h e  p o i n t  t o  t h e  

n o r t h  o f  t h e  bay t h e r e  i s  a n  open s t r e t c h  o f  l a v a  s e v e r a l  m e t e r s  i n  w i d t h  

between t h e  kiawe f o r e s t  and t h e  h i g h  t i d e  l i n e .  I n  d e p r e s s i o n s  i n  t h i s  

l a v a ,  i n  which sand h a s  c o l l e c t e d ,  p o p u l a t i o n s  o f  t h e  sedge F i m b r i s t y l i s  

cymosa may be found.  



General conclusions 

1. Throughout t he  reg ion  the  vege ta t ion  c o n s i s t s  predominantly of 

spec ies  introduced t o  Hawaii s i n c e  the  time of  Captain Cook. With the  

except ion of  t he  a r e a  descr ibed i n  2 (below) very  few n a t i v e  spec ies  of 

p l a n t s  o r  spec i e s  introduced t o  Hawaii by the  e a r l y  Polynesians can be 

found. Thus, t h e r e  i s  no compelling bo tan ica l  reason  f o r  preserv ing  t h e  

vege ta t ion  of t he  a r e a  i n  i t s  p resent  s t a t e .  

2. The only  p a r t  of t he  reg ion  where p l a n t s  t h a t  were present  i n  

Hawaii a t  the  time of  Cook's a r r i v a l  a r e  a t  a l l  comon i s  on t h e  open l ava  

flows Qn and mauka of Kaawaloa F l a t .  

3 .  I f ,  i n  connect ion wi th  a rcheologica l  p r o j e c t s ,  i t  seems d e s i r a b l e  

t o  r e - c r e a t e  an a r e a  a s  i t  appeared i n  pre-Cook t imes,  Kaawaloa F l a t  and 

Kaawaloa Vi l lage  would seem the  l o g i c a l  p l ace  t o  do t h i s .  A r e c r e a t i o n  of  

the  pre-European scene has been undertaken a t  t h e  C i t y  of Refuge wi th  some 

success .  However, t he  Ci ty  of Refuge p r o j e c t  has  involved the  use of 

he rb i c ides ,  and cau t ion  should be exerciged whenever l a r g e  doses of 

he rb i c ides  a r e  employed t o  avoid permanent bui ldups of  r e s idues  i n  t he  

s o i l ,  and e s p e c i a l l y  t o  avoid runoff  i n t o  Kealakekua Bay where s i g n i f i c a n t  

ecologica l  changes might occur .  Mechanical means of weed con t ro l  a r e  

p re fe r r ed  whenever f e a s i b l e .  Mawaloa Vi l l age  today i s  covered with a  

kiawe f o r e s t .  The kiawe was brought t o  Hawaii i n  1828. I n  1778, Kaawaloa 

Vi l l age  probably contained mainly coconut t r e e s ,  w i t h  some kou (a  few a r e  

s t i l l  p r e sen t  near  Cook's Monument), mi lo  and noni .  

4.  Some of  the  b o t a n i c a l l y  more i n t e r e s t i n g  p l a n t s  p e r s i s t i n g  i n  

t he  reg ion  today a r e  l i s t e d  on Table 17 .  - R i n d i c a t e s  t h a t  t he  spec i e s  

was probably brought t o  Hawaii by the  Polynesians;  - N i n d i c a t e s  t h a t  t h e  

spec i e s  i s  probably n a t i v e  t o  Hawaii, 



TABLE 17 .  Some of  t h e  b o t a n i c a l l y  more i n t e r e s t i n g  
p l a n t s  p e r s i s t i n g  i n  t h e  e n v i r o n s  o f  Kealakekua Bay. P i n d i c a t e s  
t h a t  t h e  s p e c i e s  was p robab ly  b rough t  t o  Hawaii by t h e  P o l y n e s i a n s ;  
N i n d i c a t e s  t h a t  t h e  s p e c i e s  i s  p robab ly  n a t i v e  t o  Hawaii. - 

N o r  P S c i e n t i f i c  name Common name Comment 

N Ps i lo turn  nudum mo a  Common on open l a v a  f lows .  

N Nephro lep i s  e x a l t a t a  n i ' a n i ' a u ,  Common on open l a v a  f lows.  
sword f e r n  

N Poiypodiun pel lucidurn ' a e  Occas iona l  on open l a v a  
f lows .  

N Cyperus spp .  

N F i n t b r i s t y l i s  spp .  

P Cocos n u c i f e r a  

N P r i t c h a r d i a  s p .  

' ehu ' awa I n  swampy a r e a s  around 
s p r i n g s  nea r  t h e  c o a s t ,  
g.g., a t  Kaawaloa V i l l a g e .  

sedge 

n-iu, 
coconut  

l o u l u  

I n  p o c k e t s  o f  sand on l a v a  
f lows n e a r  c o a s t .  

S c a t t e r e d  a l o n g  c o a s t ,  
p robab ly  more abundant 
i n  p a s t .  

Soehren  and Neman (1968) 
i n d i c a t e  t h i s  p l a n t  s t i l l  
o c c u r s  i n  t h e  a r e a .  We d i d  
n o t  f i n d  i t ,  b u t  d i d  n o t  
conduct  a  thorough s e a r c h .  

N Peperomia l e p t o s t a c h y a  ' a l a '  a l a -  Occas iona l  on open l a v a  
wa inu i  f l o w s .  

N Cocculus f e r r a n d i a n u s  huehue S c a t t e r e d  on open l a v a  f lows.  

N Argemone g l a u c a  pua k a l a ,  Occas iona l  above Kaawaloa F l a t .  
p r i c k l y  POPPY 

N Cappar i s  sandwichiana pua p i l o  Common on and above Kaawaloa 
F l a t .  

P  Tephros ia  p u r p u r e a  ' auhuhu Occas iona l  above Kaawaloa F l a t .  

N W a l t h e r i a  i n d i c a  h i ' a l o a  Common on open l a v a  f lows .  



TABLE 17 (continued) 

N or P Scientific name Common name Comment 

N Reynoldsia sandwicensis 'ohe makai Rare, a few trees at 
makai edge of plumeria 
plantation, and others 
on open lava flow just 
north of this. 

N Plumbago zeylanica 

N Ipomoea indica 

P Cordia subcordata 

P Morinda citrifolia 

hilie'e Rare, on Kaawaloa Flat. 

koali 'awahia, Common throughout, on 
morning glory open lava and in scrub. 

kou 

noni 

A few trees near Cook's 
Monument. 

Occasional on open lava 
flows and in scrub. 
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